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FIG. 22A
Raman spectra
250 ‘ 100
200 I —300W 80
~ ~— 100W—
o 1eA L
~EE150 60
K7
o 100 40
k=
50 20
O * 0
400 450 500 0950
wave number (cm—1)
FIG. 22B
Raman spectra
290 100
~ 200 80
)
3)
~ 150 60
2
c 100 40
£
= 50 20
0 0

400 450 500 0950
wave number (cm-1)



U.S. Patent Dec. 18, 2012 Sheet 23 of 25 US 8,334,537 B2

FIG. 23
\\\\ 2391 50nm \ \\

2 _ \\\\

!_-'z,.f‘_f,_f,x z

.-' ;" ,r /
f f p x _/ f z .-f / x a
---—---—-_J_---_--_--—-l

W

T //// 7

N

2301 2303




US 8,334,537 B2

Sheet 24 of 25

Dec. 18, 2012

U.S. Patent

wuQ=Ig-e 'wugpi=I1s-on
WuUpI=Is-e ‘luge=1s-2n ------ LWUNGS=I1S-B ‘WUUNG=1S-OM mem
wupe=1s-e ‘wuQgT=1S-2f. - - - WUQQT=IS-B "WUQ=1S-I o




U.S. Patent Dec. 18, 2012 Sheet 25 of 25 US 8,334,537 B2

FIG. 25A
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1
LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a light-emitting device
using a thin film transistor at least 1n a pixel portion.

2. Description of the Related Art

In recent years, techniques to form thin film transistors
using, for a channel formation region, a semiconductor thin
film (with a thickness of approximately several tens to several
hundreds of nanometers) which 1s formed over a substrate
having an insulating surface have attracted attention. Thin
f1lm transistors are widely used 1n electronic devices such as
ICs and electro-optical devices, and their development espe-
cially as switching elements for image display devices has
been accelerated.

As a switching element of an 1image display device, a thin
film transistor using an amorphous semiconductor film for a
channel formation region, a thin film transistor using a poly-
crystalline semiconductor film for a channel formation
region, and the like are known. As a method of forming a
polycrystalline semiconductor film, there 1s known a tech-
nique 1n which a pulsed excimer laser beam 1s shaped into a
linear laser beam by an optical system and an amorphous
silicon film 1s crystallized by being irradiated while being
scanned with the linear laser beam.

As a switching element of an image display device, a thin
film transistor using a microcrystalline semiconductor film
for a channel formation region 1s also used (see References 1
and 2).

|[Reference 1] Japanese Published Patent Application No.
H4-242724

|[Reference 2] Japanese Published Patent Application No.
2005-49832

SUMMARY OF THE INVENTION

A thin film transistor using a polycrystalline semiconduc-
tor film for a channel formation region has advantages in that
its field-effect mobility 1s two or more orders of magnitude
greater than that of a thin film transistor using an amorphous
semiconductor film for a channel formation region and a pixel
portion of a semiconductor display device and peripheral
driver circuits thereof can be formed over the same substrate.
However, the process of the thin film transistor using a poly-
crystalline semiconductor film for a channel formationregion
1s more complex than a thin film transistor using an amor-
phous semiconductor film for a channel formation region,
because crystallization of a semiconductor film provided over
a glass substrate 1s added; accordingly, there are problems 1n
that yield 1s decreased and cost 1s 1ncreased.

There 1s also a problem 1n that surfaces of crystal grains of
a microcrystalline semiconductor film are easily oxidized.
Therefore, when crystal grains 1n a channel formation region
are oxidized, oxide films are formed on the surfaces of the
crystal grains and the oxide films become obstacles to carrier
transier, which causes a problem in that electric characteris-
tics of a thin film transistor are impaired.

In view of the above-mentioned problems, 1t 1s an object of
the present invention to provide light-emitting devices and a
method for manufacturing, with high mass productivity,
light-emitting devices having highly reliable thin film tran-
s1stors with good electric characteristics.

In a light-emitting device having an inverted staggered thin
film transistor, the iverted staggered thin film transistor 1s
tormed as follows: a gate insulating film 1s formed over a gate
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2

clectrode; a microcrystalline semiconductor film (also
referred to as a semi-amorphous semiconductor film) which
functions as a channel formation region 1s formed over the
gate isulating film; a buffer layer 1s formed over the micro-
crystalline semiconductor film; a pair of source and drain
regions are formed over the butler layer; and a pair of source
and drain electrodes are formed 1n contact with the source and
drain regions so as to expose parts of the source and drain
regions. Thus, the source and drain regions include regions
that are 1n contact with the source and drain electrodes and
regions that are not in contact with the source and drain
clectrodes. Outside the source and drain electrodes, parts of
the source and drain regions and a part of the butler layer are
exposed. Outside end portions of the source and drain elec-
trodes, end portions of the source and drain regions and the
butfer layer are formed.

Due to misalignment of the end portions of the source and
drain electrodes with the end portions of the source and drain
regions, and due to formation of the end portions of the source
and drain regions outside the end portions of the source and
drain electrodes, the end portions of the source and drain
clectrodes are apart from each other; accordingly, leakage
current and short circuit between the source and drain elec-
trodes can be prevented.

The butfer layer has a concave portion 1n 1ts part, and the
side of the concave portion 1s aligned with the end portions of
the source and drain regions. Because the builer layer has a
concave 1n its part, and the length of a path of carriers transfer
1s long, leakage current between the source and drain regions
can be reduced.

Between the microcrystalline semiconductor film and the
source and drain regions, the bufler layer 1s formed. The
microcrystalline semiconductor film functions as a channel
formation region. The butler layer functions as a high-resis-
tance region as well as preventing the microcrystalline semi-
conductor film from being oxidized. Because the buller layer
1s formed using an amorphous semiconductor film having
high resistance between the microcrystalline semiconductor
film and the source and drain regions, field-effect mobility of
a thin film transistor of the present invention 1s high, leakage
current 1s low, and drain withstand voltage 1s high 1n the case
of an off state (when a negative voltage 1s applied to a gate
clectrode).

As the butfer layer, an amorphous semiconductor film can
be used, and moreover, it 1s preferable that the buffer layer be
an amorphous semiconductor film containing at least any one
of nmitrogen, hydrogen, and halogen. When an amorphous
semiconductor film 1s made to contain any one of nitrogen,
hydrogen, and halogen, crystal grains contained in the micro-
crystalline semiconductor film can be further prevented from
being oxidized.

The butfer layer can be formed by a plasma CVD method,
a sputtering method, or the like. In addition, after an amor-
phous semiconductor film 1s formed, the amorphous semi-
conductor film was subjected to nitrogen plasma, hydrogen
plasma, or halogen plasma so that the amorphous semicon-
ductor film can be nitrided, hydrogenated or halogenated.

By provision of the butter layer over the surface of the
microcrystalline semiconductor film, oxidation of crystal
grains contained in the microcrystalline semiconductor film
can be reduced. Accordingly, the degree of degradation of
clectric characteristics of a thin film transistor can be lowered.

Unlike a polycrystalline semiconductor film, a microcrys-
talline semiconductor film can be directly formed over a
substrate as a microcrystalline semiconductor film. Specifi-
cally, a microcrystalline semiconductor film can be formed
using silicon hydride as a source gas and using a plasma CVD
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apparatus. The microcrystalline semiconductor film manu-
factured by the above method includes a microcrystalline
semiconductor film which contains crystal grains 01 0.5 nm to
20 nm 1n an amorphous semiconductor. Thus, unlike 1n the
case o using a polycrystalline semiconductor film, there 1s no
need to conduct a crystallization process after formation of a
semiconductor film. The number of steps 1n manufacture of a
thin film transistor can be reduced; vield of a light-emitting
device can be increased; and cost can be lowered. Plasma
using a microwave with a frequency of 1 GHz or more has
high electron density, which facilitates dissociation of silicon
hydride that 1s a source gas. Therefore, compared to a micro-
wave plasma CVD method with a frequency of several tens to
several hundreds of megahertz, the microcrystalline semicon-
ductor film can be formed more easily and deposition rate can
be 1ncreased, by a plasma CVD method using a microwave
with a frequency of 1 GHz or higher. Thus, the mass produc-
tivity of light-emitting devices can be increased.

In addition, thin film transistors (TFT's) each using a micro-
crystalline semiconductor film for its channel formation
region are formed, and a light-emitting device 1s manufac-
tured using the thin film transistors 1n a pixel portion and also
in driver circuits. Because thin film transistors using a micro-
crystalline semiconductor film for 1ts channel formation
region each have a field-effect mobility of 1 cm”/V-sec to 20
cm®/V-sec, which is 2 to 20 times greater than that of a thin
film transistor using an amorphous semiconductor film for 1ts
channel forming region, some of or all of the driver circuits
can be formed over the same substrate as the pixel portion to
form a system-on-panel display.

A light-emitting device includes a light-emitting element.
A light-emitting element includes, 1n its scope, an element
whose luminance 1s controlled by a current or a voltage, and
specifically includes an inorganic electroluminescent (EL)
clement, an organic EL element, and the like.

Further, a light-emitting device includes a panel 1n which a
light-emitting element 1s sealed, and a module 1n which an IC
or the like including a controller 1s mounted to the panel.
Moreover, the present mvention relates to an element sub-
strate which 1s a mode before completion of a light-emitting
clement 1n a manufacturing process of the light-emitting
device, and the element substrate includes a means for sup-
plying current to a light-emitting element 1n each of plural
pixels. The element substrate may be specifically 1n a state
where only a pixel electrode of a light-emitting element 1s

formed or 1n a state after a conductive film to be a pixel
clectrode 1s formed and before the conductive film 1s etched
into a pixel electrode, and any mode 1s possible.

Note that the term “light-emitting device” 1n this specifi-
cation refer to 1mage display devices, the light-emitting
devices and light sources (including lighting devices). In
addition, light-emitting devices include all of the following
modules: modules provided with a connector, for example, a
flexible printed circuit (FPC), a tape automated bonding
(TAB) tape, or a tape carrier package (TCP); modules pro-
vided with a printed wiring board at the end of a TAB tape or
a TCP; and modules where an integrated circuit (IC) 1s
directly mounted on a light-emitting element by a chip-on-
glass (COG) method.

According to the present invention, 1t 1s possible to manu-
facture, with high mass productivity, light-emitting devices
having highly reliable thin film transistors with good electric
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;
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FIGS. 2A to 2C are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;

FIGS. 3A and 3B are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;

FIGS. 4A and 4B are cross-sectional views showing a
method for manufacturing a light-emitting device according
to an aspect of the present invention;

FIGS. 5A to 53C are top views showing a method for manu-
facturing a light-emitting device according to an aspect of the
present invention;

FIGS. 6A to 6C are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;

FIGS. 7TA to 7C are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;

FIGS. 8A and 8B are cross-sectional views showing a
method for manufacturing a light-emitting device according,
to an aspect of the present invention;

FIGS. 9A to 9D are top views showing a method for manu-
facturing a light-emitting device according to an aspect of the
present invention;

FIG. 10 1s a top view showing a microwave plasma CVD
apparatus according to an aspect of the present invention;

FIGS. 11A to 11D are views showing multi-tone masks
which can be applied to the present invention;

FIGS. 12A to 12C are perspective views showing light-
emitting display panels according to an aspect of the present
imnvention;

FIGS. 13A to 13D are perspective views showing elec-
tronic devices each using a light-emitting device according to
an aspect of the present invention;

FIG. 14 1s a diagram showing an electronic device using a
light-emitting device according to an aspect of the present
invention;

FIGS. 15A and 15B are cross-sectional views showing a
manufacturing method of a light-emitting device according to
an aspect of the present invention;

FIGS.16A to 16C are cross-sectional views showing pixels
which can be applied to light-emitting devices according to
the present invention;

FIGS. 17A and 17B are a top view and a cross-sectional
view showing a light-emitting display panel according to an
aspect of the present invention, respectively;

FIG. 18 1s a block diagram showing a structure of a light-
emitting device according to an aspect of the present mnven-
tion;

FIG. 19 1s an equivalent circuit diagram showing a struc-
ture of a driver circuit of a light-emitting device according to
an aspect of the present invention;

FIG. 20 1s an equivalent circuit diagram showing a struc-
ture of a driver circuit of a light-emitting device according to
an aspect of the present invention;

FIG. 21 1s a top view showing a layout of a driver circuit of
a light-emitting device according to an aspect of the present
invention;

FIGS. 22A and 22B are diagrams showing results of mea-
surement of a microcrystalline semiconductor film by Raman
Spectroscopy;

FIG. 23 1s amodel diagram showing a device structure used
for device simulation;

FIG. 24 1s a graph showing current-voltage characteristics
by device simulation; and
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FIGS. 25A and 25B are diagrams each showing an electron
concentration distribution of a thin film transistor obtained by
device simulation.

DETAILED DESCRIPTION OF THE INVENTION 5

Embodiment modes of the present invention will be here-
inafter described with reference to the drawings. However,
the present invention can be carried out 1n many different
modes, and it 1s easily understood by those skilled in the art 10
that the mode and detail of the present invention can be
modified 1n various ways without departing from the spirit
and scope thereol. Therefore, the present invention should not
be 1nterpreted as being limited to the description 1n the fol-
lowing embodiment modes. 15

Embodiment Mode 1

In this embodiment mode, manufacturing processes of thin

f1lm transistors used for a light-emitting device are described 20
with reference to FIGS. 1A, 1B, FIGS. 2A to 2C, FIGS. 3A,

3B.FIGS.4A,4B,FIGS.5A to SC,FIGS. 6 Ato 6C, FIGS. 7A
to 7C, FIGS. 8A, 8B, FIGS. 9A to 9D, FIG. 10, FIGS. 11A to
11D, and FIGS. 12A to 12C. FIGS. 1A, 1B, FIGS. 2A to 2C,
FIGS. 3A, 3B, and FIGS. 4A, 4B and FIGS. 6 A to 6C, FIGS. 25
8A, 8B are cross-sectional views showing manufacturing
processes of thin film transistors, and FIGS. SA to 5C and
FIGS. 9A to 9D are top views each showing a connection
region of a thin film transistor and a pixel electrode 1n a single
pixel. 30

An n-channel thin {ilm transistor having a microcrystalline
semiconductor {1lm 1s more suitable for use 1n a driver circuit
than that of a p-channel thin film transistor having a microc-
rystalline semiconductor film, because the n-channel one has
a higher field-effect mobaility. It 1s desired that all thin film 35
transistors formed over the same substrate have the same
polarity, 1n order to reduce the number of steps. Here, descrip-
tion 1s made using an n-channel thin film transistor.

Asillustrated in FI1G. 1A, a gate electrode 51 1s formed over
a substrate 50. As the substrate 50, any of the following 40
substrates can be used: non-alkaline glass substrates made of
bartum borosilicate glass, aluminoborosilicate glass, alumi-
nosilicate glass, and the like by a fusion method or a float
method; ceramic substrates; plastic substrates having heat
resistance enough to withstand a process temperature of this 45
manufacturing process; and the like. Alternatively, metal sub-
strates of a stainless alloy and the like with the surface pro-
vided with an insulating film may be employed. When the
substrate 50 1s mother glass, the substrate may have any of the
tollowing sizes: the first generation (320 mmx400 mm), the 50
second generation (400 mmx500 mm), the third generation
(550 mmx650 mm), the fourth generation (680 mmx880 mm,
or 730 mmx920 mm), the fifth generation (1000 mmx1200
mm, or 1100 mmx12350 mm), the sixth generation (1500
mmx1800 mm), the seventh generation (1900 mmx2200 55
mm), the eighth generation (2160 mmx2460 mm), the ninth
generation (2400 mmx2800 mm, or 2450 mmx3050 mm), the
tenth generation (2950 mmx3400 mm), and the like.

The gate electrode 51 1s formed using a metal material such
as titanium, molybdenum, chromium, tantalum, tungsten, or 60
aluminum or an alloy material thereof. The gate electrode 51
can be formed 1n such a manner that a conductive film 1s
formed over the substrate 50 by a sputtering method or a
vacuum evaporation method; a mask 1s formed over the con-
ductive film by a photolithography technique or an inkjet 65
method; and the conductive film 1s etched using the mask.
Note that, as barrier metal which increases adhesion of the

6

gate electrode 351 and prevents diffusion to a base, a nitride
f1lm of the above-mentioned metal material may be provided
between the substrate 50 and the gate electrode 51. Here, the
gate electrode 51 1s formed by etching of the conductive film
formed over the substrate 50 with use of a resist mask formed
using a {irst photomask.

Note that, because an insulating film, a semiconductor film,
a wiring and the like are to be formed over the gate electrode
51, 1t 1s desired that the gate electrode 51 be processed so as
to have tapered end portions 1n order to prevent disconnec-
tion. In addition, although not shown, 1n this step, a wiring
connected to the gate electrode can also be formed at the same
time.

Next, over the gate electrode 51, gate insulating films 52a
and 525, a microcrystalline semiconductor film 53, a buffer
layer 54, a semiconductor film 35 to which an impurity ele-
ment imparting one conductivity type 1s added, and conduc-
tive films 65a to 65¢ are formed 1n this order. Then, a resist 80
1s applied over the conductive film 65¢. Note that it 1s prefer-
able that at least the gate insulating films 52a and 525, the
microcrystalline semiconductor film 53, and the buftler layer
54 be formed successively. It is further preferable that the gate
insulating films 52a and 525, the microcrystalline semicon-
ductor film 53, the butfer layer 34, and the semiconductor film
535 to which an impurity element imparting one conductivity
type 1s added be formed successively. By successive forma-
tion of at least the gate msulating films 52a and 3254, the
microcrystalline semiconductor film 53, and the butfer layer
54 without any exposure to the atmosphere, each interface
between stacked layers can be formed without being contami-
nated by an atmospheric constituent or a contaminant 1mpu-
rity element floating 1n the atmosphere. Thus, varations in
characteristics of thin film transistors can be reduced.

The gate insulating films 52a and 525 can each be formed
by a CVD method, a sputtering method, or the like using a
silicon oxide film, a silicon nitride film, a silicon oxynitride
film, or a silicon nitride oxide film. Here, a mode 1s described
in which a silicon oxide film or a silicon oxynitride film, and
a silicon nitride film or a silicon nitride oxide film are stacked
in this order as the gate insulating films 52a and 525. Note that
the gate mnsulating film can be formed by stacking not two
layers but three layers of a silicon nitride film or a silicon
nitride oxide film, a silicon oxide film or a silicon oxynitride
film, and a silicon nitride film or a silicon nitride oxide film 1n
this order from the substrate side. Alternatively, the gate insu-
lating film can be formed of a single layer of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film, or a
silicon nitride oxide film.

Note that a silicon oxynitride film means a film that con-
tains more oxygen than nitrogen and, in the case where mea-
surements are performed using Rutherford backscattering
spectrometry (RBS) and hydrogen forward scattering (HFS),
includes oxygen, nitrogen, silicon, and hydrogen at concen-
trations ranging from 30 at. % to 70 at. %, 0.5 at. % to 15 at.
%, 25 at. % to 35 at. %, and 0.1 at. % to 10 at. %, respectively.
Further, a silicon nitride oxide film means a film that contains
more nitrogen than oxygen and, 1n the case where measure-
ments are performed using RBS and HFS, includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging
from 5 at. % to 30 at. %, 20 at. % to 55 at. %, 25 at. % to 35
at. %, and 10 at. % to 30 at. %, respectively. Note that per-
centages ol nitrogen, oxygen, silicon, and hydrogen {fall
within the ranges given above, where the total number of
atoms contained 1n the silicon oxynitride film or the silicon
nitride oxide film 1s defined as 100 at. %.

The microcrystalline semiconductor film 53 1s a film which
contains a semiconductor having an intermediate structure
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between amorphous and crystalline structures (including a
single crystal and a polycrystal). This semiconductor 1s a
semiconductor which has a third state that 1s stable 1n terms of
free energy, and 1s a crystalline semiconductor which has
short-range order and lattice distortion, and column-like or
needle-like crystals with 1ts grains with a size 01 0.5 nm to 20
nm grown in the direction of a normal line with respect to the
surface of the substrate. In addition, a microcrystalline semi-
conductor and an amorphous semiconductor are mixed.
Microcrystalline silicon, which 1s a typical example of a
microcrystalline semiconductor, has a Raman spectrum
which is shifted to a lower wave number side than 521 cm™
that 1s a feature of single crystalline silicon. That 1s, the peak
of a Raman spectrum of microcrystalline silicon 1s within the
range from 481 cm™ to 521 cm™, which features of amor-
phous silicon and single crystalline silicon respectively. In
addition, microcrystalline silicon 1s made to contain hydro-
gen or halogen of at least 1 at. % or more for termination of
dangling bonds. Moreover, microcrystalline silicon 1s made
to contain a rare gas element such as helium, argon, krypton,
or neon to further enhance 1ts lattice distortion, whereby
stability 1s increased and a favorable microcrystalline semi-
conductor film can be obtained. Such amicrocrystalline semi-
conductor film 1s disclosed 1n, for example, U.S. Pat. No.
4,409,134.

The microcrystalline semiconductor film can be formed by
a high-frequency plasma CVD method with a frequency of
several tens to several hundreds of megahertz or a microwave
plasma CVD apparatus with a frequency of 1 GHz or more.
The microcrystalline semiconductor film can be typically
formed using silicon hydride, such as S1H, or S1,H, which 1s
dilluted with hydrogen. With a dilution with one or plural
kinds of rare gas elements of helium, argon, krypton, and
neon 1n addition to silicon hydride and hydrogen, the micro-
crystalline semiconductor film can be formed. In that case,
the flow rate ratio of hydrogen to silicon hydride 1s set to be
50:1 to 1000:1, preferably, 50:1 to 200:1, more preferably,
100:1. Note that, 1n place of silicon hydride, S1H,Cl,, StHCI;,
S1Cl,, SiF,, or the like can be used.

A microcrystalline semiconductor film exhibits weak
n-type conductivity when an impurity element for valence
control 1s not intentionally added. Thus, threshold control of
a microcrystalline semiconductor film which functions as a
channel formation region of a thin film transistor can be done
by addition of an mmpurity element which imparts p-type
conductivity at the same time as or after the film formation. A
typical example of an impurity element which imparts p-type
conductivity 1s boron, and an impurity gas such as B,H, or
BF, may be mixed 1into silicon hydride at a proportion of 1
ppm to 1000 ppm, preterably, 1 ppm to 100 ppm. The con-
centration of boron may be set to be, for example, 1x10'*
atoms/cm” to 6x10'° atoms/cm”.

In addition, the oxygen concentration of the microcrystal-
line semiconductor film is preferably 5x10'” ¢cm™ or less,
more preferably, 1x10'” cm™ or less and each of the nitrogen
concentration and the carbon concentration 1s preferably
3x10'® cm™ or less. By decreases in concentrations of oxy-
gen, nitrogen, and carbon mixed into the microcrystalline
semiconductor film, the microcrystalline semiconductor film
can be prevented from being changed into an n type.

The microcrystalline semiconductor film 33 1s formed to a
thickness of greater than 0 nm and less than or equal to 200
nm, preferably, from 1 nm to 100 nm, more preferably, from
5 nm to 50 nm. The microcrystalline semiconductor film 53
functions as a channel formation region of a thin film transis-
tor to be formed later. When the thickness of the microcrys-
talline semiconductor film 33 1s within the range from 5 nm to
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50 nm, inclusive, the thin film transistor to be formed later 1s
to be a fully depleted type. In addition, because the deposition
rate ol the microcrystalline semiconductor film 53 1s low, 1.¢.,
a tenth to a thousandth of the deposition rate of an amorphous
semiconductor film, a decrease of thickness leads to an
increase of throughput. Furthermore, because the microcrys-
talline semiconductor film contains microcrystals, it has a
lower resistance than an amorphous semiconductor film.
Therefore, a thin film transistor using the microcrystalline
semiconductor {ilm for 1ts channel formation region has cur-
rent-voltage characteristics represented by a curve with a
steep slope 1n a rising portion, has an excellent response as a
switching element, and can be operated at high speed. With
the use of the microcrystalline semiconductor film 1n a chan-
nel formation region of a thin film transistor, fluctuation of a
threshold voltage of a thin film transistor can be suppressed.
Theretore, a light-emitting device with less variation of elec-
trical characteristics can be manufactured.

The microcrystalline semiconductor film has a higher
mobility than an amorphous semiconductor film. Thus, with
use of a thin film transistor, a channel formation region of
which 1s formed of the microcrystalline semiconductor film,
for switching of a light-emitting element, the area of the
channel formation region, that 1s, the area of the thin film
transistor can be decreased. Accordingly, the area occupied
by the thin film transistor 1n a single pixel 1s decreased, and an
aperture ratio of the pixel can be increased. As a result of this,
a light-emitting device with high resolution can be manufac-
tured.

The buffer layer 54 can be formed by a plasma CVD
method using silicon hydride such as S1H, or S1,H . Alterna-
tively, with a dilution of silicon hydride mentioned above
with one or plural kinds of rare gas elements selected from
helium, argon, krypton, and neon, an amorphous semicon-
ductor film can be formed. With use of hydrogen at a flow rate
which 1s 1 to 20 times, preferably, 1 to 10 times, more pret-
erably, 1 to 5 times higher than that of silicon hydride, a
hydrogen-containing amorphous semiconductor film can be
formed. With the use of silicon hydride mentioned above and
nifrogen or ammonia, a nitrogen-containing amorphous
semiconductor film can be formed. With use of silicon
hydride mentioned above and a gas contaiming tluorine, chlo-
rine, bromine, or 10dine (F,, Cl,, Br,, I,, HF, HCI, HBr, HI, or
the like), an amorphous semiconductor film containing fluo-
rine, chlorine, bromine, or 10dine can be formed. Note that, 1n
place of silicon hydnide, SiH,Cl,, S1HCl,, Si1Cl,, S1F,,, or the
like can be used.

Alternatively, as the butler layer 54, an amorphous semi-
conductor film can be formed by sputtering with hydrogen or
a rare gas using an amorphous semiconductor as a target. In
this case, by inclusion of ammonia, mitrogen, or N,O 1n an
atmosphere, a nitrogen-containing amorphous semiconduc-
tor film can be formed. Alternatively, by inclusion of a gas
including fluorine, chlorine, bromine, or 10dine (F,, Cl,, Br,,
I,, HF, HCI1, HBr, HI, or the like) in an atmosphere, an amor-
phous semiconductor film containing fluorine, chlorine, bro-
mine, or 10dine can be formed.

Still alternatively, the bulfer layer 54 may be formed by
formation of an amorphous semiconductor {ilm on the surface
of the microcrystalline semiconductor film 53 by a plasma
CVD method or a sputtering method and then by hydrogena-
tion, nitridation, or halogenation of the surface of the amor-
phous semiconductor film through processing of the surface
of the amorphous semiconductor film with hydrogen plasma,
nitrogen plasma, or halogen plasma. Yet alternatively, the
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surface of the amorphous semiconductor film may be pro-
cessed with helium plasma, neon plasma, argon plasma, kryp-
ton plasma, or the like.

The buffer layer 54 1s preferably formed using an amor-
phous semiconductor film which does not contain crystal
grains. Therefore, when the builer layer 54 1s formed by a
high-frequency plasma CVD method or a microwave plasma
CVD method with a frequency of several tens to several
hundreds of megahertz, formation conditions are preferably
controlled such that an amorphous semiconductor film does
not contain crystal grains.

The butler layer 54 1s partly etched 1n a later formation
process of a source region and a drain region in some cases,
and 1n that case, the buller layer 34 1s preferably formed at
such a thickness that a part of the butler layer 54 1s left after
the etching. Typically, the thickness of the bulfer layer 1s
preferably from 150 nm to 200 nm, inclusive.

Note that 1t 1s preferable that an impurity element impart-
ing one conductivity type such as phosphorus or boron be not
added to the bufler layer 54. In particular, 1t 1s preferable that
boron contained 1n the microcrystalline semiconductor film
tor threshold control or phosphorus contained 1n the semicon-
ductor film to which an impurity element imparting one con-
ductivity type 1s added be not mixed into the butfer layer 54.
As a result of this, by elimination of a region where leakage
current 1s generated due to a PN junction, leakage current can
be decreased. By formation of an amorphous semiconductor
f1lm, to which an impunty element imparting one conductiv-
ity type such as phosphorus or boron i1s not added, between
the semiconductor film to which an impurity element impart-
ing one conductivity type 1s added and the microcrystalline
semiconductor {ilm, the diffusion of the impurity contained in
cach of the microcrystalline semiconductor film and source
and drain regions can be prevented.

By formation of an amorphous semiconductor {ilm, more-
over, an amorphous semiconductor film containing hydrogen,
nitrogen, or halogen on the surface of the microcrystalline
semiconductor film 53, surfaces of crystal grains contained 1n
the microcrystalline semiconductor film 53 can be prevented
from being oxidized naturally. In particular, in a region where
an amorphous semiconductor 1s 1n contact with microcrystal
grains, a crack 1s likely to be caused due to distortion of
crystal lattice. When this crack 1s exposed to oxygen, the
crystal grains are oxidized, whereby silicon oxide 1s formed.
However, by formation of the butler layer on the surface of
the microcrystalline semiconductor film 53, the microcrystal
grains can be prevented from being oxidized. Furthermore, by
formation of the bulfer layer, the microcrystalline semicon-
ductor film can be prevented from being mixed with an etch-
ing residue which 1s generated 1 forming source and drain
regions later.

The butler layer 34 1s formed using an amorphous semi-
conductor film or an amorphous semiconductor film contain-
ing hydrogen, nitrogen, or halogen. An amorphous semicon-
ductor film has a larger energy gap than the microcrystalline
semiconductor film (the energy gap of the amorphous semi-
conductor film 1s 1.1 eV to 1.5 eV and the energy gap of the
microcrystalline semiconductor filmi1s 1.6 eV to 1.8 eV) and
has a higher resistance, and has a lower mobility, 1.e., a fifth to
a tenth of that of the microcrystalline semiconductor film.
Theretfore, 1n a thin film transistor to be formed later, the
butler layer formed between source and drain regions and the
microcrystalline semiconductor film functions as a high-re-
sistant region and the microcrystalline semiconductor film
functions as a channel formation region. Accordingly, the off
current of the thin film transistor can be reduced. When the
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thin film transistor 1s used as a switching element of a light-
emitting device, the contrast of the light-emitting device can
be improved.

As for the semiconductor film 55 to which an impurity
clement imparting one conductivity type 1s added, in the case
where an n-channel thin film transistor is to be formed, phos-
phorus may be added as a typical impurity element, and an
impurity gas such as PH, may be added to silicon hydride. In
the case where a p-channel thin film transistor 1s to be formed,
boron may be added as a typical impurity element, and an
impurity gas such as B,H, may be added to silicon hydride.
The semiconductor film 55 to which an impurity element
imparting one conductivity type 1s added can be formed of a
microcrystalline semiconductor or an amorphous semicon-
ductor. Further, the semiconductor film 35 to which an 1impu-
rity element imparting one conductivity type 1s added may be
a multilayer 1n which an amorphous semiconductor film to
which an impurity element imparting one conductivity type1s
added and a microcrystalline semiconductor film to which an
impurity element imparting one conductivity type 1s added
are stacked. An amorphous semiconductor film to which an
impurity element imparting one conductivity type 1s added 1s
formed on the buffer layer 54 side and a microcrystalline
semiconductor film to which an impurity element imparting
one conductivity type 1s added are stacked thereover, so that
resistance varies gradually, and thus carriers easily move and
the mobility can be enhanced. The semiconductor film 55 to
which an impurnty element imparting one conductivity type1s
added 1s formed to a thickness of from 2 nm to 50 nm,
inclusive. By formation of the semiconductor film to which an
impurity element imparting one conductivity type 1s added to
a small thickness, throughput can be improved.

Here, a plasma CVD apparatus, with which from the gate
insulating films 52a and 525 to the semiconductor film 35 to
which an impurity element imparting one conductivity type1s
added can be formed successively, 1s described with reference
to FI1G. 10. FI1G. 10 1s a schematic diagram showing an upper
cross-sectional view of a plasma CVD apparatus, which has a
structure where a loading chamber 1110, an unloading cham-
ber 1115, and reaction chambers (1) 1111 to (4) 1114 are
provided around a common chamber 1120. Between the com-
mon chamber 1120 and the other chambers, gate valves 1122
to 1127 are provided so that processes performed 1in the cham-
bers do not interface with each other. Substrates are loaded
into a cassette 1128 in the loading chamber 1110 and a cas-
sette 1129 1n the unloading chamber 1115 and carried to the
reaction chambers (1) 1111 to (4) 1114 with a transport means
1121 of the common chamber 1120. In this apparatus, a
reaction chamber can be allocated for each of different kinds
of deposition films, and a plurality of different films can be
formed successively without any exposure to the atmosphere.

In each of the reaction chambers (1) to (4), the gate insu-
lating films 52a and 525, the microcrystalline semiconductor
film 53, the butfer layer 54, and the semiconductor film 55 to
which an impurnity element imparting one conductivity type1s
added are stacked. In this case, a plurality of films of different
kinds can be stacked successively by change of source gases.
In this case, aiter the gate mnsulating films are formed, silicon
hydride such as silane 1s introduced into the reaction chamber,
residual oxygen and silicon hydride are reacted with each
other, and the reactant 1s exhausted from the reaction cham-
ber, whereby the concentration of residual oxygen in the
reaction chamber can be decreased. Accordingly, the concen-
tration ol oxygen to be contained 1n the microcrystalline
semiconductor film can be decreased. In addition, crystal
grains contained in the microcrystalline semiconductor film
can be prevented from being oxidized.
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Alternatively, the gate insulating films 52a and 3525, the
microcrystalline semiconductor film 53, and the buifer layer
54 are formed 1n each of the reaction chambers (1) and (3),
and the semiconductor film 55 to which an impurity element
imparting one conductivity type 1s added 1s formed 1n each of
the reaction chambers (2) and (4). By formation of a film with
an 1mpurity element imparting one conductivity type alone,
the impurity imparting one conductivity type which remains
in the chamber can be prevented from being mixed into
another film.

In this manner, with a microwave plasma CVD apparatus
where a plurality of chambers 1s connected, the gate imnsulat-
ing films 52a and 525, the microcrystalline semiconductor
film 53, the buffer layer 54, and the semiconductor film 55 to
which an impurity element imparting one conductivity typei1s
added can be formed at the same time. Thus, mass productiv-
ity can be improved. In addition, even when maintenance or
cleaning 1s performed 1n one of reaction chambers, film for-
mation processes can be performed in the other reaction
chambers, whereby cycle time for film formation can be
shortened. Furthermore, each interface between stacked lay-
ers can be formed without being contaminated by an atmo-
spheric constituent or a contaminant impurity element float-
ing 1n the atmosphere. Thus, variations 1n characteristics of
thin film transistors can be reduced.

Alternatively, 1t 1s possible that the gate msulating films
52a and 352b are formed 1n the reaction chamber (1), the
microcrystalline semiconductor film 53 and the buffer layer
54 are formed 1n the reaction chamber (2), and the semicon-
ductor film 55 to which an impurity element imparting one
conductivity type 1s added 1s formed in the reaction chamber
(3). Still alternatively, in the case where the gate insulating
film 52a 1s to be formed of a silicon oxide film or a silicon
oxynitride film and the gate insulating film 525 1s to be
formed of a silicon nitride film or a silicon nitride oxide film,
five reaction chambers may be provided. A silicon oxide film
or a silicon oxynitride film may be formed as the gate 1nsu-
lating film 52a 1n a reaction chamber (1); a silicon mitride film
or a silicon nitride oxide film may be formed as the gate
insulating {ilm 525 1n a reaction chamber (2); a microcrystal-
line semiconductor film may be formed 1n a reaction chamber
(3); a buller layer may be formed 1 a reaction chamber (4);
and a semiconductor film to which an 1mpurity element
imparting one conductivity type 1s added may be formed 1n a
reaction chamber (5). The deposition rate of a microcrystal-
line semiconductor film 1s low; thus, microcrystalline semi-
conductor films may be formed 1n a plurality of reaction
chambers. For example, the gate insulating {ilms 32q and 5256
may be formed 1n a reaction chamber (1); the microcrystalline
semiconductor {ilms 33 may be formed in reaction chambers
(2) and (3); the butler layer 34 may be formed 1n a reaction
chamber (4); and the semiconductor film 35 to which an
impurity element imparting one conductivity type 1s added
may be formed in a reaction chamber (8). In this manner, by
formation of the microcrystalline semiconductor films 53 1 a
plurality of reaction chambers at the same time, throughput
can be improved. In this case, 1t 1s preferable that the inner
wall of each reaction chamber be coated with a film of the
same kind as a film to be formed therein.

With use of a microwave plasma CVD apparatus having
such a structure as described above, films of similar kinds or
a film of one kind can be formed 1n each reaction chamber and
can be formed successively without any exposure to the atmo-
sphere. Therefore, each interface between stacked layers can
be formed without being contaminated by a residue of the
previously formed film or an impurity element floating in the
atmosphere.
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Note that the microwave plasma CVD apparatus shown 1n
FIG. 10 1s provided with the loading chamber and the unload-
ing chamber separately, which may be a single loading/un-
loading chamber. In addition, the plasma CVD apparatus may
be provided with a spare chamber. By preheating of a sub-
strate 1n the spare chamber, heating time needed before film
formation 1n each reaction chamber can be shortened; thus,
throughput can be improved.

Film formation processes are described below. In each film
formation process, a gas to be supplied from a gas supply
portion may be selected depending on the purpose.

Here, a method 1s given as an example, 1n which a silicon
oxynitride film 1s formed as the gate insulating film 52a and a
s1licon nitride oxide film 1s formed as the gate insulating film
52b.

First, inside of a processing container in a reaction chamber
of the microwave plasma CVD apparatus 1s cleaned with
fluorine radicals. Note that the inside of the reaction chamber
can be cleaned by introduction of fluorine radicals 1nto the
reaction chamber, which are generated by introduction of
carbon fluoride, nitrogen fluoride, or fluorine 1nto a plasma
generator provided outside of the reaction chamber and by
dissociation thereof.

After cleaming with fluorine radicals, a large amount of
hydrogen 1s introduced 1nto the reaction chamber, whereby
residual tluorine 1nside the reaction chamber can be reacted
with hydrogen, so that the concentration of residual fluorine
can be decreased. Accordingly, the amount of fluorine to be
mixed 1nto a protective film that 1s to be deposited later on the
inner wall of the reaction chamber can be decreased, and the
thickness of the protective film can be decreased.

Next, on the surface of the mner wall of the processing
container in the reaction chamber, or the like, an oxynitride
f1lm 1s deposited as the protection film. Here, the pressure 1n
the processing container 1s set to be 1 Pato 200 Pa, preferably,
1 Pa to 100 Pa, and one or more kinds of rare gases such as
helium, argon, xenon, and krypton 1s introduced as a plasma
1gnition gas. Furthermore, hydrogen and any one kind of rare
gases are introduced. In particular, 1t 1s preferable that helium,
moreover, helium and hydrogen be used as a plasma 1gnition
gas.

Although helium has a high 10nization energy of 24.5 eV, 1t
has a metastable state at about 20 eV. Therelfore, helium can
be 10nized at about 4 €V during discharge. Thus, discharge
starting voltage 1s low and discharge can be maintained easily.
Accordingly, uniform plasma can be maintained, and power
saving can be achieved.

Alternatively, as the plasma 1gnition gas, an oxygen gas
and one or more kinds of rare gases such as helium, argon,
xenon, and krypton may be introduced. By introduction of an
oxygen gas together with a rare gas 1nto the processing con-
tainer, plasma ignition can be facilitated.

Next, a power supply apparatus 1s turned on and the output
of the power supply apparatus is set to be 500 W to 6000 W,
preferably, 4000 W to 6000 W to generate plasma. Then, a
source gas 1s introduced 1nto the processing container through
a gas pipe. Specifically, by introduction of dinitrogen mon-
oxide, a rare gas, and silane as a source gas, a silicon oxyni-
tride {ilm 1s formed as the protective film on the inner wall of
the processing container. The flow rate of silicon hydride at
this time 1s set to be 50 sccm to 300 sccm and that of dinitro-
gen monoxide 1s set to be 500 sccm to 6000 scem, and the
thickness of the protective film 1s set to be 500 nm to 2000 nm.

Then, the supply of the source gas 1s stopped, the pressure
in the processing container 1s decreased, and the power sup-
ply apparatus 1s turned off. After that, a substrate 1s introduced
onto the supporting base 1n the processing container.
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Next, through a similar process to that of the protective
f1lm, a silicon oxynitride film 1s deposited over the substrate
as the gate msulating film 52a.

After the silicon oxymitride film 1s deposited to a predeter-
mined thickness, the supply of the source gas 1s stopped, the
pressure 1n the processing container 1s decreased, and the
power supply apparatus 1s turned off.

Next, the pressure 1n the processing container 1s set to be 1
Pa to 200 Pa, preterably, 1 Pa to 100 Pa, and one or more kinds
ol rare gases such as helium, argon, xenon, and krypton which
1s a plasma 1gnition gas and silane, dinitrogen monoxide, and
ammonia which are a source gas are introduced. Note that, as
the source gas, nitrogen may be mtroduced instead of ammo-
nia. Then, the power supply apparatus 1s turned on, and the
output of the power supply apparatus 1s set to be 500 W to
6000 W, preferably, 4000 W to 6000 W to generate plasma.
Next, the source gas 1s mtroduced 1nto the processing con-
tainer through the gas pipe, and a silicon nitride oxide film 1s
formed as the gate msulating film over the silicon oxynitride
film over the substrate 1130. Then, the supply of the source
gas 15 stopped, the pressure 1n the processing container 1s
decreased, the power supply apparatus 1s turned oif, and the
film formation process 1s completed.

Through the above-described process, the silicon oxyni-
tride film 1s formed as the protective film on the inner wall of
the reaction chamber, and the silicon oxynitride film and the
silicon nitride oxide film are successively formed over the
substrate, whereby mixture of an impurity such as silicon
oxide 1nto the silicon nitride oxide film on the upper layer side
can be suppressed. By formation of the above-mentioned
films by a microwave plasma CVD method using a power
supply apparatus which can generate a microwave as a power
supply apparatus, plasma density can be made to be high and
the films can be formed to have high withstand voltage. With
use of the films as a gate msulating {ilm, variations 1n thresh-
old voltages of transistors can be suppressed. In addition, BT
characteristics can be improved. Moreover, resistance to
static electricity 1s increased, and a transistor which 1s not
casily destroyed even when high voltage 1s applied can be
manufactured. Furthermore, a transistor which 1s less
destroyed over time can be manufactured. In addition, a tran-
sistor with less hot carrier damage can be manufactured.

In the case where a gate insulating film 1s a single layer of
a s1licon oxynitride film which 1s formed using the microwave
plasma CVD apparatus, the above-described formation
method of the protective film and the formation method of the
silicon oxynitride film are used. In particular, when the tlow
rate ratio of dinitrogen monoxide to silane 1s set to be 50:1 to
300:1, preferably, 50:1 to 250:1, the silicon oxynitride film
can be formed to have high withstand voltage.

Next, a film formation process 1s described, in which a
microcrystalline semiconductor film and an amorphous semi-
conductor film as a buffer layer are successively formed by a
plasma CVD method. First, in a similar manner to the gate
insulating films, the 1nside of the reaction chamber 1s cleaned.
Next, a silicon film 1s deposited as a protective film inside the
processing container. Here, the pressure in the processing
container 1s setto be 1 Pato 200 Pa, preferably, 1 Pato 100 Pa,
and one or more kinds of rare gases such as helium, argon,
xenon, and krypton 1s introduced as a plasma i1gnition gas.
Note that hydrogen may be introduced together with the rare
gas.

Then, the power supply apparatus 1s turned on, and the
output of the power supply apparatus 1s set to be 500 W to
6000 W, preferably, 4000 W to 6000 W to generate plasma.
Next, a source gas 1s introduced 1nto the processing container
through the gas pipe. Specifically, by introduction of a silicon
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hydride gas and a hydrogen gas as a source gas, a miCrocrys-
talline silicon film 1s formed as a protective film on the inner
wall of the processing container. Alternatively, a microcrys-
talline semiconductor film can be formed from a dilution of a
silicon hydride gas and a hydrogen gas with one or more kinds
of rare gas elements selected from helium, argon, krypton,
and neon. The flow rate ratio of hydrogen to silicon hydride at
this time 1s set to be 3:1 to 1000:1, preferably, 50:1 to 200:1,
more preferably, 100:1 to 150:1. In addition, the thickness of
the protective film at this time 1s set to be 500 nm to 2000 nm.
Note that, before the power supply apparatus 1s turned on, a
silicon hydride gas and a hydrogen gas in addition to the
above-mentioned rare gas may be introduced into the pro-
cessing container.

Alternatively, an amorphous semiconductor film can be
formed as the protective film from a dilution of a silicon
hydride gas and a hydrogen gas with one or more kinds of rare
gas elements selected from helium, argon, krypton, and neon.

Then, the supply of the source gas 1s stopped, the pressure
in the processing container 1s decreased, and the power sup-
ply apparatus 1s turned off. After that, the substrate 1s intro-
duced onto the support base 1n the processing container.

Next, the surface of the gate mnsulating film 35256 formed
over the substrate may be processed with hydrogen plasma.
By processing with hydrogen plasma before the microcrys-
talline semiconductor film 1s formed, lattice distortion at the
interface between the gate msulating film and the microcrys-
talline semiconductor film can be decreased, and interface
characteristics of the gate msulating film and the microcrys-
talline semiconductor film can be improved. Accordingly,
clectric characteristics of a thin film transistor to be formed
later can be improved.

In the hydrogen plasma processing, the amorphous semi-
conductor film or the microcrystalline semiconductor film
which 1s formed as the protective film 1nside the processing
container 1s also processed with hydrogen plasma, whereby
the protective film 1s etched and a slight amount of semicon-
ductor 1s deposited on the surface of the gate insulating film
52b. The semiconductor serves as anucleus of crystal growth,
and with the nucleus, a microcrystalline semiconductor film
1s deposited. As a result, lattice distortion at the interface
between the gate insulating film and the microcrystalline
semiconductor film can be decreased, and interface charac-
teristics of the gate insulating film and the microcrystalline
semiconductor film can be improved. Accordingly, electric
characteristics of a thin film transistor to be formed later can
be improved.

Next, 1n a similar process to the protective film, a microc-
rystalline silicon film 1s deposited over the substrate. The
thickness of the microcrystalline silicon film 1s set to be
greater than O nm and less than or equal to 50 nm, preferably,
greater than O nm and less than or equal to 20 nm.

After the microcrystalline silicon film 1s deposited to a
predetermined thickness, the supply of the source gas 1s
stopped, the pressure 1n the processing container 1s decreased,
the power supply apparatus 1s turned oif, and the film forma-
tion process for the microcrystalline semiconductor film 1s
completed.

Next, the pressure in the processing container 1s decreased.,
and the flow rate of the source gas 1s adjusted. Specifically, the
flow rate of a hydrogen gas 1s significantly decreased com-
pared to that under film formation conditions for the micro-
crystalline semiconductor film. Typically, a hydrogen gas 1s
introduced at a tlow rate which 1s 1 to 20 times, preferably, 1
to 10 times, more preferably, 1 to 5 times higher than the tlow
rate of silicon hydride. Alternatively, a silicon hydride gas 1s
introduced without any hydrogen gas being introduced into
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the processing container. By such a decrease 1n tlow rate of
hydrogen to silicon hydride, the deposition rate of an amor-
phous semiconductor film as the buflfer layer can be
increased. Alternatively, a silicon hydride gas 1s diluted with
one or more kinds of rare gas elements selected from helium,
argon, krypton, and neon. Next, the power supply apparatus 1s
turned on and the output of the power supply apparatus 1s set
to be 500 W to 6000 W, preferably, 4000 W to 6000 W to
generate plasma 200, whereby an amorphous semiconductor
f1lm can be formed. Because the deposition rate of an amor-
phous semiconductor film 1s higher than that of a microcrys-
talline semiconductor film, the pressure in the processing
container can be setto be low. The thickness of the amorphous
semiconductor film at this time 1s set to be 200 nm to 400 nm.

After the amorphous semiconductor film 1s deposited to a
predetermined thickness, the supply of the source gas 1s
stopped, the pressure 1n the processing container 1s decreased,
the power supply apparatus 1s turned off, and the film forma-
tion process for the amorphous semiconductor film 1s com-
pleted.

Note that the microcrystalline semiconductor film 33 and
the amorphous semiconductor film which 1s the buifer layer
54 may be formed while plasma 1s 1gnited. Specifically, while
the flow rate ratio of hydrogen to silicon hydride which are the
source gas used to form the microcrystalline semiconductor
f1lm 53 1s gradually decreased, the microcrystalline semicon-
ductor film 53 and the amorphous semiconductor film which
1s the buifer layer 54 are stacked. By such a method, an
impurity 1s not deposited at the interface between the micro-
crystalline semiconductor film 53 and the buffer layer 54;
interface with less distortion can be formed; and electric
characteristics of a thin film transistor to be formed later can
be improved.

In the case where the microcrystalline semiconductor film
53 1s formed, a microwave plasma CVD apparatus with a
frequency of 1 GHz or more 1s preferably used. Microwave
plasma has high electron density, and a large number of
radicals are formed from a source gas and supplied to the
substrate 1130. Thus, reaction of radicals at the surface of the
substrate 1s promoted, and the deposition rate of microcrys-

talline silicon can be increased. By a plasma CVD method
with a high frequency of 1 MHz to 20 MHz, typically 13.56

MHz, or a high frequency in VHF band, from 20 MHz to
about 120 MHz, typically, 27.12 MHz or 60 MHz, the micro-
crystalline semiconductor film can be formed.

Note that, 1n each of the manufacturing processes of the
gate insulating film and the semiconductor film, 1n the case
where a protective film of 500 nm to 2000 nm 1s formed on the
inner wall of the reaction chamber, the cleaming process and
the formation process of the protective film can be omitted.

The conductive films 65a to 65¢ are formed over the semi-
conductor film 55 to which an impurity element imparting
one conductivity type 1s added, using a single layer or a
stacked layer of aluminum, copper or an aluminum alloy to
which an element to improve heat resistance or an element to
prevent a hillock, e.g., such as silicon, titantum, neodymium,
scandium, or molybdenum, 1s added. Alternatively, the con-
ductive film may have a stacked-layer structure where a film
on the side 1n contact with the semiconductor film to which an
impurity element imparting one conductivity type 1s added 1s
formed of titanium, tantalum, molybdenum, tungsten, or
nitride of any of these elements and an aluminum film or an
aluminum alloy film 1s formed thereover. Still alternatively,
the conductive film may have a stacked-layer structure where
an aluminum film or an aluminum alloy film 1s sandwiched
between upper and lower films of titantum, tantalum, molyb-
denum, tungsten, or nitride of any of these elements. Here, as
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the conductive film, a conductive film with a three-layer
structure where conductive films 63a to 63¢ are stacked 1s
described. A stacked-layer conductive film where molybde-
num films are used as the conductive films 65a and 65¢ and an
aluminum film 1s used as the conductive {ilm 655 or a stacked-
layer conductive film where titanium films are used as the
conductive films 65q and 65¢ and an aluminum film 1s used as
the conductive film 6356 can be given. The conductive films
65a to 65¢ are formed by a sputtering method or a vacuum
evaporation method.

A resist 80 can be a positive type resist or a negative type
resist. In this case, a positive type resist 1s used.

Next, the resist 80 1s irradiated with light using a multi-tone
photomask 39 as a second photomask to expose the resist 80
to light.

Now light exposure using the multi-tone photomask 59 1s
described with reference to FIGS. 11A to 11D.

A multi-tone photomask can achieve three levels of light
exposure, an exposed portion, a half-exposed portion, and an
unexposed portion; one-time exposure and development pro-
cess allows a resist mask with regions of plural thicknesses
(typically, two kinds of thicknesses) to be formed. The use of
a multi-tone photomask allows the number of photomasks to
be reduced.

Typical examples of a multi-tone photomask include a
gray-tone mask 39q as illustrated in FIG. 11 A, and a half-tone
mask 5956 as illustrated in FIG. 11C.

As 1llustrated mm FIG. 11A, the gray-tone mask 59q
includes a substrate 163 having a light-transmitting property,
and a light-blocking portion 164 and a diffraction grating 165
that are formed thereon. The light transmittance of the light-
blocking portion 164 1s 0%. The diffraction grating 163 has a
light-transmitting portion 1n a slit form, a dot form, a mesh
form, or the like with intervals which are less than or equal to
the resolution limit for light used for the exposure; thus, the
light transmittance can be controlled. The diffraction grating
165 can have regularly-arranged slits, dots, or meshes form,
or irregularly-arranged slits, dots, or meshes.

For the substrate 163 having a light-transmitting property,
a substrate having a light-transmitting property, such as a
quartz substrate, can be used. The light-blocking portion 164
and the diffraction grating 165 can be formed using a light-
blocking material such as chromium or chromium oxide,
which absorbs light.

When the gray-tone mask 59a 1s rradiated with light for
exposure, the light transmittance 166 of the light-blocking
portion 164 1s 0% and that of a region where neither the
light-blocking portion 164 nor the diffraction grating 163 are
provided 1s 100%, as illustrated in FIG. 11B. The light trans-
mittance of the diffraction grating 165 can be controlled 1n a
range of 10% to 70%. The light transmittance of the diffrac-
tion grating 165 can be controlled by adjusting an 1nterval or

a pitch between slits, dots, or meshes of the diffraction grating
165.

As 1llustrated in FIG. 11C, the half-tone mask 5954 includes
the substrate 163 having a light-transmitting property, and a
semi-transmissive portion 167 and a light-blocking portion

168 that are formed thereon. The semi-transmissive portion
167 can be formed using MoSiN, MoS1, MoS10, MoS10N,

CrS1, or the like. The light-blocking portion 168 can be
tformed using a light-blocking material such as chromium or
chromium oxide, which absorbs light.

When the half-tone mask 595 1s irradiated with light for
exposure, the light transmittance 169 of the light-blocking
portion 168 1s 0% and that of a region where neither the
light-blocking portion 168 nor the semi-transmissive portion

167 1s provided 1s 100%, as illustrated in FIG. 11D. The light
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transmittance of the semi-transmissive portion 167 can be
controlled 1n a range of 10% to 70%. The light transmittance
of the semi-transmissive portion 167 can be controlled
depending on a material of the semi-transmissive portion 167.

After the light exposure using the multi-tone photomask 1s
done, development 1s carried out, whereby the resist mask 81
having regions with different thicknesses can be formed, as
illustrated 1n FIG. 1B.

Next, with the resist mask 81, the microcrystalline semi-
conductor {ilm 53, the buifer layer 54, the semiconductor film
55 to which an impurity element imparting one conductivity
type 1s added, and the conductive films 65a to 65¢ are etched
for separation. As a result, a microcrystalline semiconductor
film 61, a butler layer 62, a semiconductor film 63 to which an
impurity element imparting one conductivity type 1s added,
and conductive films 854 to 85¢ can be formed, as 1llustrated
in FIG. 2A. Note that FIG. 2A corresponds to a cross-sec-
tional view taken along the line A-B 1n FIG. SA (excluding a
resist mask 86).

The side faces 1n the end portions of the microcrystalline
semiconductor film 61 and the buifer layer 62 are inclined, so
that leakage current can be prevented from tlowing between
the source and drain regions formed over the buffer layer 62
and the microcrystalline semiconductor film 61. In addition,
leakage current between the source and drain electrodes and
the microcrystalline semiconductor film 61 can also be pre-
vented. The inclination angle of the side faces 1n the end
portions of the microcrystalline semiconductor film 61 and
the butter layer 62 1s from 30° to 90°, preferably from 45° to
80°. By adopting such an angle, disconnection of the source
clectrode or the drain electrode due to the step can be pre-
vented.

Next, ashing 1s conducted on the resist mask 81. As a result,
the area and the thickness of the resist are reduced. At this
time, the resist in a region with a small thickness (a region
overlapping with part of the gate electrode 51) 1s removed to
form separated resist masks 86, as 1llustrated 1n FIG. 2A.

Next, using the resist mask 86, the semiconductor film 63
to which an impurity element imparting one conductivity type
1s added and the conductive films 85a to 85¢ are etched for
separation. At this time, dry etching 1s conducted to separate
the conductive films 854 to 85¢. As a result, a pair of conduc-
tive films 89a to 89¢ and a pair of source and drain regions 89
can be formed, as illustrated in FIG. 2B. In this etching
process, a part of the builer layer 62 1s also etched. The butier
layer which 1s partly etched is referred to as a buller layer 88.
The source and drain regions and the concave portion of the
butiler layer can be formed in the same process. The builer
layer 88 has end portions protruding outside conductive films
83a to 85¢ because the bulfer layer 88 1s partly etched using
the resist mask 86 with a reduced area.

Next, as 1llustrated 1in FIG. 2C, the conductive films 89« to
89c¢ are partly etched to form source and drain electrodes 92a
to 92¢. Here, by wet etching of the conductive films 89a to 89¢
with use of the resist mask 86, the end portions of the con-
ductive films 89a to 89c¢ are selectively etched. As a result, the
source and drain electrodes 92a to 92¢ having smaller areas
than the resist mask 86 and the conductive films 89a to 89c¢
can be formed. The end portions of the source and drain
clectrodes 92a to 92¢ are not aligned with the end portions of
the source and drain regions 89, and the end portions of the
source and drain regions 89 are formed outside the end por-
tions of the source and drain electrodes 92a to 92¢. After that,
the resist mask 86 1s removed.

Note that FIG. 2C corresponds to a cross-sectional view
taken along the line A-B of FI1G. 5B. As illustrated in FI1G. 5B,

it can be seen that the end portions of the source and drain
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regions 89 are located outside of the end portions of the
source and drain electrodes 92¢. In addition, the end portions
of the butler layer 88 are located outside the end portions of
the source and drain electrodes 92¢ and the source and drain
regions 89. Further, one of the source and drain electrodes has
a shape 1n which the one electrode partially surrounds the
other of the source and drain regions (specifically, a U shape
or a C shape). Thus, an area in which carriers can move can be
increased, and thus the amount of current can be increased
and an area for a thin film transistor can be reduced. In the
inner portion of the gate electrode, the microcrystalline semi-
conductor film 87 and the source and drain electrodes 92¢ are
overlapped, and thus influence by unevenness at the end por-
tions of the gate electrode 1s small and reduction of coverage
and generation of leakage current can be suppressed. Note
that one of the source and drain electrodes also functions as a
source or drain wiring.

With such a shape as 1llustrated in FI1G. 2C 1n which the end

portions of the source and drain electrodes 92a to 92¢ are not
aligned with the end portions of the source and drain regions
89, the end portions of the source and drain electrodes 92a to
92c¢ are apart from each other; therefore, leakage current and
short circuit between the source and drain electrodes can be
prevented. Accordingly, a thin film transistor with high reli-
ability and high withstand voltage can be manufactured.

Through the above-described process, a channel-etch thin
film transistor 83 can be formed. In addition, the thin film
transistor can be formed using two photomasks.

In the thin film transistor described in this embodiment
mode, the gate insulating film, the microcrystalline semicon-
ductor f1lm, the butfer layer, the source and drain regions, and
the source and drain electrodes are stacked over the gate
clectrode, and the buffer layer covers the surface of the micro-
crystalline semiconductor film which functions as a channel
formation region. In addition, a concave portion (a groove) 1s
formed 1n a part of the buifer layer, and regions other than the
concave portion are covered with the source and drain
regions. That is, due to the concave formed 1n the butfer layer,
the length of a path for carriers the source and drain regions 1s
long; thus, leakage current between the source and drain
regions can be reduced. In addition, because the concave 1s
formed by etching of a part of the bufler layer, an etching
residue which 1s generated 1n the formation step of the source
and drain regions can be removed. Accordingly, leakage cur-
rent (parasitic channel) can be prevented from being gener-
ated between the source and drain regions through the resi-
due.

The butler layer 1s formed between the microcrystalline
semiconductor film which functions as a channel formation
region and the source and drain regions. In addition, the buiier
layer covers the surface of the microcrystalline semiconduc-
tor film. Because the buifer layer, which 1s formed to have
high resistance, 1s extended to regions between the microc-
rystalline semiconductor film and the source and drain
regions, leakage current generated 1n the case where the thin
film transistor 1s turned off (i.e., the case where a negative
voltage 1s applied to the gate electrode) can be reduced, and
deterioration due to application of high voltage can be sup-
pressed. Moreover, because the amorphous semiconductor
film, the surface of which 1s subjected to termination by
hydrogen, 1s formed as the bulfer layer on the surface of the
microcrystalline semiconductor film, the microcrystalline
semiconductor film can be prevented from being oxidized,
and an etching residue which 1s generated 1n the formation
step of the source and drain regions can be prevented from
being mixed into the microcrystalline semiconductor film.
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Accordingly, the thin film transistor has high electric charac-
teristics and excellent drain withstand voltage.

Because the end portions of the source and drain electrodes
are apart from each other due to the shape where the end
portions of the source and drain electrodes are not aligned
with the end portions of the source and drain regions, leakage
current and short circuit between the source and drain elec-
trodes can be prevented.

Next, as illustrated 1n FIG. 3A, an insulating film 76 1s
formed over the source and drain electrodes 92a to 92¢, the
source and drain regions 89, the buffer layer 88, the microc-
rystalline semiconductor film 87, and the gate insulating film
52b. The insulating film 76 can be formed 1n a similar manner
to the gate insulating films 52a and 52b. Note that the 1nsu-
lating film 76 1s provided to prevent entry of a contaminant
impurity such as an organic substance, a metal substance, or
moisture floating 1n the atmosphere and 1s preferably a dense
film. By use of a silicon nitride film as the insulating film 76,
the oxygen concentration in the butler layer 88 can be made
to be 5x10'” atoms/cm’ or less, preferably, 1x10" atoms/cm’
or less.

Next, a contact hole 1s formed in the insulating film 76, and
a pixel electrode 77 1s formed 1n the contact hole to be 1n
contact with the source or drain electrode 92¢. Note that FIG.
3B corresponds to a cross-sectional view taken along a line
A-B of FIG. 5C.

The pixel electrode 77 can be formed using a light-trans-
mitting conductive material such as indium oxide containing
tungsten oxide, indium zinc oxide containing tungsten oxide,
indium oxide contaiming titanium oxide, mdium tin oxide
contaiming titanium oxide, indium tin oxide (hereinafter
referred to as I'TO), indium zinc oxide, or indium tin oxide to
which silicon oxide 1s added.

Alternatively, the pixel electrode 77 can be formed using a
conductive composition containing a conductive high-mo-
lecular compound (also referred to as a conductive polymer).
It 1s preferable that the pixel electrode formed using the
conductive composition have a sheet resistance of 10000
(2/square or less and a light transmittance of 70% or more at
a wavelength of 550 nm. In addition, 1t 1s preferable that the
resistivity of the conductive high-molecular compound con-
tained in the conductive composition be 0.1 £2-cm or less.

As the conductive high-molecular compound, a so-called
clectron conjugated conductive high-molecular compound
can be used. Examples include polyaniline and its derivatives,
polypyrrole and its derivatives, polythiophene and 1ts deriva-
tives, copolymers of two or more kinds of them, and the like.

Through the above process, an element substrate which can
be used for a light-emitting device can be formed.

As 1llustrated 1n FIG. 2A, the microcrystalline semicon-
ductor film 61, the butler layer 62, the semiconductor film 63
to which an impurity element imparting one conductivity type
1s added, and the conductive films 854 to 85¢ are formed, and
then as 1llustrated 1n FI1G. 4 A, the conductive films 85a to 85¢
are etched using the resist mask 86. In this case, the conduc-
tive films 834 to 85¢ are etched 1sotropically using the resist
mask 86, so that the exposed portions and vicinity portions
thereot of the conductive film 835a to 85¢ are selectively
etched. As a result, the source and drain electrodes 92a to 92¢
having smaller regions than the resist mask 86 can be formed.

Next, as 1llustrated 1n FIG. 4B, the semiconductor film 63
to which an impurity element imparting one conductivity type
1s added 1s etched using the resist mask 86. In this case, the
semiconductor {ilm 63 to which an impurity element impart-
ing one conductivity type 1s added 1s anisotropically etched
by dry etching, so that the source and drain regions 89 having,
almost the same area as the resist mask 86 can be formed.
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With such a shape in which the end portions of the source
and drain electrodes 92a to 92¢ and the end portions of the
source and drain regions 89 are not aligned, the end portions
ol the source and drain electrodes 92a to 92¢ are apart from
cach other; therefore, leakage current and short circuit
between the source and drain electrodes can be prevented.
Accordingly, a thin {ilm transistor with high reliability and

high withstand voltage can be manufactured.
As illustrated 1n FIGS. 1A and 1B, FIGS. 2A to 2C, FIGS.

3A and 3B, and FIGS. 4A and 4B, the conductive film 1s
ctched by wet etching, and the semiconductor film to which
an impurity element imparting one conductivity type 1s added
1s etched by dry etchuing, so that a structure in which the end
portions of the source and drain electrodes and the end por-
tions of the source and drain regions are not aligned and are
different be obtained with a small number of photomasks.
Next, a method for manufacturing a thin film transistor,

which 1s different from that in the above mode, 1s described
with reference to FIGS. 6A to 6C, FIGS. 7TA to 7C, FIGS. 8A

and 8B, and FIGS. 9A to 9D. Here, a structure 1s described, in
which a source or drain electrode 1s separated from a source or
drain wiring.

Asillustrated in FI1G. 6 A, a gate electrode 51 1s formed over

a substrate 50. Next, over the gate electrode 51, gate insulat-
ing films 52a and 525, a microcrystalline semiconductor film
53, a butfer layer 54, a semiconductor film 55 to which an
impurity element imparting one conductivity type 1s added,
and a conductive film 65a are sequentially formed. Then, over
the conductive film 654, resist 1s applied, and a resist mask 81
having regions with diflerent thicknesses 1s formed using a
multi-tone mask illustrated in FIG. 1A.
Next, the microcrystalline semiconductor film 53, the
builer layer 54, the semiconductor film 535 to which an 1mpu-
rity element imparting one conductivity type 1s added, and the
conductive film 634 1s etched using the resist mask 81 for
separation. As a result, as 1llustrated in FIG. 6B, a microcrys-
talline semiconductor film 61, a bufler layer 62, a semicon-
ductor film 63 to which an impurity element imparting one
conductivity type 1s added, and a conductive film 85a can be
formed. Note that FIG. 6B corresponds to a cross-sectional
view taken along the line A-B of FIG. 9A (excluding the resist
mask 86).

Next, ashing 1s conducted on the resist mask 81 to form
separated resist masks 86. Then, the semiconductor film 63 to
which an impurity element imparting one conductivity type1s
added and the conductive film 85a are etched the resist mask
86 for separation. In this case, dry etching 1s conducted to
separate the semiconductor film to which an impurity element
1s added and the conductive film 85¢ from each other. As a
result, as illustrated in FIG. 6C, a pair of conductive films 89a
and a pair of source and drain regions 89 can be formed. Note
that, 1n this etching step, a part of the buifer layer 62 is also
etched. The partly etched butfer layer 1s referred to as a butfer
layer 88. Here, because a part of the buifer layer 88 1s etched
using the resist mask 86 with a reduced area, the butler layer
88 has a shape where it extends outside the conductive film
85a. As shown 1n this embodiment mode, the side face of the
butiler layer 1s stepwise, and thus the coverage with an 1nsu-
lating {ilm to be formed later 1s increased. Therelore, leakage
current between a pixel electrode formed over the msulating
{1lm and a thin film transistor can be reduced.

Next, ashing 1s conducted on the resist mask 86. As a result,
as 1llustrated in FI1G. 7A, the area of the resist mask 1s reduced,
and the thickness thereof 1s reduced. By using the ashed resist
mask 91, the conductive film 89q i1s partly etched, and as
illustrated in FI1G. 7B, the source and drain electrodes 92a are
formed. The end portions of the source and drain electrodes
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924 are not aligned with the end portions of the source and
drain regions 89. In this case, an exposed portion of the

conductive film 89a 1s anisotropically etched using the resist
mask 91. After that, the resist mask 91 1s removed.

As a result, the source and drain electrodes 92a having a
smaller area than the conductive film 89a are formed. Then,
the resist mask 91 1s removed. FIG. 7B corresponds to a
cross-sectional view taken along the line A-B of FIG. 9B. As
illustrated in FIG. 9B, it can be seen that the end portions of
the source and drain regions 89 are located outside the end
portions of the source and drain electrodes 92a. In addition,
the end portions of the butler layer 88 are located outside the
source and drain electrodes 92a and the source and drain
regions 89. The source and drain electrodes 92a are 1solated
from each other and not connected to an electrode formed 1n
an adjacent pixel. In this case, by using the resist mask 91
tformed by ashing of the resist mask 86, the source and drain
clectrodes 92a are formed. Alternatively, as illustrated 1n
FIGS. 1A and 1B, FIGS. 2A to 2C, FIGS. 3A and 3B, and
FIGS. 4A and 4B, wet etching using the resist mask 86 may be
conducted to form the source and drain electrode 92a.

As 1illustrated 1n FIG. 7B, with a shape 1n which the end
portions of the source and drain electrode 92a and the end
portions of the source and drain region 89 are not aligned, the
end portions of the source and drain electrodes 92a are apart
from each other; therefore, leakage current and short circuit
between the source and drain electrodes can be prevented.
Accordingly, a thin film transistor with high reliability and
high withstand voltage can be manufactured.

Next, as illustrated 1 FIG. 7C, an insulating film 76 1s
formed over the source and drain electrodes 92a, the source
and drain regions 89, the butler layer 88, and the gate 1nsu-
lating film 5256. The nsulating film 76 can be formed 1n a
similar manner to the gate isulating films 52q and 52b.

Next, as 1llustrated in FIG. 8A, a contact hole 1s formed in
the insulating film 76; stacked wirings 935 and 93¢ are
formed 1n the contact hole to be in contact with one of the
source and drain electrodes 92a. Note that FIG. 8A corre-
sponds to a cross-sectional view taken along the line A-B of
FIG. 9C. The wirings 935 and 93¢ are wirings to be connected
to a source or drain electrode formed 1n an adjacent pixel.

Next, a contact hole 1s formed in the insulating film 76, and
a pixel electrode 77 1s formed 1n the contact hole to be 1n
contact with the other of the source and drain electrodes 92a,
as 1llustrated 1n FIG. 8B. Note that FIG. 8B corresponds to a
cross-sectional view taken along a line A-B of FIG. 9D.

Through the above-described process, a channel-etch thin
f1lm transistor 84 can be formed. This channel-etch thin film
transistor requires a smaller number of manufacturing steps
and can achieve cost reduction. By formation of a channel
formation region with a microcrystalline semiconductor film,
a field-effect mobility of 1 cm?/V-sec to 20 cm*/V-sec can be
achieved. Accordingly, this thin film transistor can be used as
a switching element of a pixel 1n a pixel portion and as an
clement included 1n a scan line (gate line) side driver circuait.

In accordance with this embodiment mode, a highly reli-
able thin {ilm transistor with excellent electric characteristics
can be manufactured.

Embodiment Mode 2

Next, a manufacturing process of a light-emitting device 1s
described with reference to FIGS. 2A to 2C and FIG. 15. A
light-emitting device, in which a light-emitting element uti-
lizing electroluminescence 1s used, 1s described here. Light-
emitting elements utilizing electroluminescence are classi-
fied according to whether a light-emitting material 1s an
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organic compound or an inorganic compound. In general, the
former 1s referred to as organic EL elements and the latter as
iorganic EL elements. The manufacturing process of a thin
film transistor, which 1s shown in FIGS. 1A and 1B and FIGS.
2A to 2C 1s used here, but the manufacturing process shown
in FIGS. 4A and 4B, FIGS. 6A to 6C, FIGS. 7A to 7C and
FIGS. 8A and 8B can also be used as appropriate.

In an organic EL element, by application of a voltage to a

light-emitting element, electrons and holes are separately
injected from a pair of electrodes into a layer contaiming a
light-emitting organic compound, and a current flows. Then,
recombination of these carriers (the electrons and holes)
causes the light-emitting organic compound to form an
excited state and to emit light when 1t returns from the excited
state to a ground state. Due to such a mechanism, such a
light-emitting element 1s referred to as a current-excitation
light-emitting element.
Inorganic EL elements are classified into a dispersion type
inorganic EL element and a thin-film type morganic EL e¢le-
ment, depending on their element structures. A dispersion
type morganic EL element has a light-emitting layer where
particles of a light-emitting material are dispersed 1n a binder,
and 1ts light emission mechanism 1s donor-acceptor recoms-
bination type light emission that utilizes a donor level and an
acceptor level. A thin-film type mnorganic EL element has a
structure where a light-emitting layer 1s sandwiched between
dielectric layers, which are turther sandwiched between elec-
trodes, and 1ts light emission mechanism i1s localized type
light emission that utilizes inner-shell electron transition of
metal 1ons. Note that description 1s made here using an
organic EL element as a light-emitting element. In addition,
description 1s made using the channel-etch thin film transistor
shown 1n FIG. 2C as a thin film transistor which controls
driving of a light-emitting element, but a channel-protective
thin {ilm transistor can also be used appropriately.

Through the process of FIGS. 1A and 1B and FIGS. 2A to
2C, as shown 1n FIG. 15, thin film transistors 83 and 85 are
formed over a substrate 50, and an msulating film 76 func-
tioning as a protective film 1s formed over the thin film tran-
sistor 83. Note that the thin film transistor 85 1s formed 1n a
driver circuit and the thin film transistor 83 i1s formed 1n a
pixel portion. Next, a planarization film 111 1s formed over
the msulating film 76, and a pixel electrode 112 connected to
a source or drain electrode of the thin film transistor 83 1s
formed over the planarization film 111.

It 1s preferable that the planarizing film 111 be formed
using an organic resin such as acrylic, polyimide, or polya-
mide or using siloxane.

In FIG. 15A, the thin film transistor of a pixel 1s an n-type
transistor; thus, 1t 1s desired that the pixel electrode 112 be a
cathode. In contrast, when the thin film transistor 1s a p-type
transistor, 1t 1s desired that the pixel electrode 112 be an
anode. Specifically, as a cathode, a known material with low
work function, such as Ca, Al, CakF, MgAg, or AlL1, can be
used.

Next, as shown 1n FIG. 15B, a partition 113 1s formed over
the planarizing film 111 and an end portion of the pixel
clectrode 112. The partition 113 has an opening, through
which the pixel electrode 112 1s exposed. The partition 113 1s
formed using an organic resin film, an mmorganic msulating
f1lm, or organic polysiloxane. It 1s particularly preferable that
the partition be formed using a photosensitive material to
have an opening over the pixel electrode so that a sidewall of
the opening 1s formed as a tilted surface with continuous
curvature.

Next, a light-emitting layer 114 1s formed in contact with
the pixel electrode 112 1n the opening of the partition 113. The
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light-emitting layer 114 may be formed using either a single
layer or a stacked layer of a plurality of layers.

Then, a common electrode 115 formed from an anode
material 1s formed to cover the light-emitting layer 114. The
common e¢lectrode 113 can be formed of a light-transmitting
conductive film using any of the light-transmitting conduc-
tive materials listed in Embodiment Mode 1 for the pixel
electrode 77. As the common electrode 115, a titanium nitride
film or a titammum film may be used 1n place of the above-
mentioned light-transmitting conductive film. In FIG. 15B,
I'TO 1s used for the common electrode 115. In the opening of
the partition 113, a light-emitting element 117 1s formed by
overlapping of the pixel electrode 112, the light-emitting
layer 114, and the common electrode 115. After this, 1t 1s
preferable that a protective film 116 be formed over the com-
mon electrode 115 and the partition 113 so that oxygen,
hydrogen, moisture, carbon dioxide, or the like does not enter
the light-emitting element 117. As the protective film 116, a
silicon nitride film, a silicon nitride oxide film, a DLC film, or
the like can be formed.

Furthermore, practically, after the steps to the step of FIG.
15B are completed, 1t 1s preferable that packaging (encapsu-
lation) be performed using a protective film (a laminate film,
an ultraviolet curable resin film, or the like), which has high
airtightness and causes less degasification, 1n order to prevent
turther exposure to external air.

Next, structures of light-emitting elements are described
with reference to FIGS. 16A to 16C. Here, the case where a
driving TFT 1s of an n type 1s given as an example, and
cross-sectional structures of pixels are described.

In a light-emitting element, it 1s acceptable as long as at
least one of an anode and a cathode 1s transparent in order to
extract light emission. There are light-emitting elements hav-
ing the following structures: a top emission structure where a
thin film transistor and a light-emitting element 1s formed
over a substrate and light 1s extracted from a side opposite to
the substrate; a bottom emission structure where light 1s
extracted from the substrate side; and a dual emission struc-
ture where light 1s extracted from both the substrate side and
the side opposite to the substrate. The pixel structure of the
present invention can be applied to a light-emitting element
with any of the emission structures.

A light-emitting element having a top emission structure 1s
described with reference to FIG. 16 A.

FIG. 16A 1s a cross-sectional view of a pixel in the case
where a driving TEFT 7001 1s of an n type and light 1s emitted
from a light-emitting element 7002 to an anode 70035 side. In
FIG. 16 A, a cathode 7003 of the light-emitting element 7002
1s electrically connected to the driving TFT 7001, and a light-
emitting layer 7004 and the anode 7005 are sequentially
stacked over the cathode 7003. The cathode 7003 can be
formed using any known conductive material that has a low
work function and reflects light. For example, Ca, Al, Ca,
MgAg, AllL1, or the like 1s preferable. The light-emitting layer
7004 may be formed using either a single layer or a stacked
layer of a plurality of layers. In the case of using a plurality of
layers, an electron injection layer, an electron transport layer,
a light-emitting layer, a hole transport layer, and a hole injec-
tion layer are stacked in this order over the cathode 7003.
Note that all of these layers do not necessarily need to be
provided. The anode 7005 1s formed using a light-transmuit-
ting conductive material that transmits light, and for example,
a light-transmitting conductive film of indium oxide contain-
ing tungsten oxide, indium zinc oxide containing tungsten
oxide, indium oxide containing titanium oxide, mdium tin
oxide containing titanium oxide, indium tin oxide (hereinat-
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ter referred to as I'TO), indium zinc oxide, indium tin oxide to
which silicon oxide 1s added, or the like may be used.

A region where the light-emitting layer 7004 1s sand-
wiched between the cathode 7003 and the anode 7005 corre-
sponds to the light-emitting element 7002. In the case of the
pixel shown 1 FIG. 16A, light 1s emitted from the light-

emitting element 7002 to the anode 7003 side as indicated by
an outlined arrow.

Next, a light-emitting element having a bottom emission
structure 1s described with reterence to F1G. 16B. FIG. 16B 1s

a cross-sectional view of a pixel 1n the case where a driving
TFT 7011 1s of an n type and light 1s emitted from a light-
emitting element 7012 to a cathode 7013 side. In FIG. 16B,
the cathode 7013 of the light-emitting element 7012 1s formed
over a light-transmitting conductive material 7017 which 1s
clectrically connected to the driving TFT 7011, and a light-
emitting layer 7014 and an anode 7015 are sequentially
stacked over the cathode 7013. Note that, in the case where
the anode 7015 has a light-transmitting property, a blocking
film 7016 for reflecting or blocking light may be formed to
cover the anode. Similar to the case of FIG. 16 A, the cathode
7013 can be formed using any known conductive material that
has a low work function. Note that the thickness 1s set so that
light 1s transmuitted therethrough (preferably, about 5 nm to 30
nm). For example, an Al film with a thickness of 20 nm can be
used as the cathode 7013. Simuilar to the case of FIG. 16 A, the
light-emitting layer 7014 may be formed using either a single
layer or a stacked layer of a plurality of layers. Although the
anode 7015 does not need to be able to transmuit light, similar
to FIG. 16A, 1t can be formed using a light-transmitting
conductive material. The blocking film 7016 can be formed
using, for example, a metal which retlects light, or the like;
however, the present invention 1s not limited to a metal film.
For example, a resin to which black colorant 1s added can also
be used.

A region where the light-emitting layer 7014 1s sand-
wiched between the cathode 7013 and the anode 7015 corre-
sponds to the light-emitting element 7012. In the case of the
pixel shown i FIG. 16B, light 1s emitted from the light-
emitting element 7012 to the cathode 7013 side as indicated
by an outlined arrow.

Next, a light-emitting element having a dual emission
structure 1s described with reference to FIG. 16C. In FIG.
16C, a cathode 7023 of a light-emitting element 7022 1s
formed over a light-transmitting conductive material 7027
which 1s electrically connected to a driving TF'T 7021, and a
light-emitting layer 7024 and an anode 7023 are sequentially
stacked over the cathode 7023. Similar to the case of FIG.
16A, the cathode 7023 can be formed using any known con-
ductive material that has a low work function. Note that the
thickness 1s set so that light 1s transmitted therethrough. For
example, an Al film with a thickness of 20 nm can be used as
the cathode 7023. Similar to FIG. 16A, the light-emitting
layer 7024 may be formed using either a single layer or a
stacked layer of a plurality of layers. Similar to FIG. 16 A, the
anode 7023 can be formed using a light-transmitting conduc-
tive material which transmits light.

A region where the cathode 7023, the light-emitting layer
7024, and the anode 7025 overlap with each other corre-
sponds to the light-emitting element 7022. In the case of the
pixel shown 1n FIG. 16C, light 1s emitted from the light-
emitting element 7022 to both the anode 7025 side and the
cathode 7023 side as indicated by outlined arrows.

Note that, although an organic EL. element 1s described
here as a light-emitting element, an inorganic EL element can
also be provided as a light-emitting element.
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Note that, in this embodiment mode, the example 1s
described 1n which a thin film transistor (a driving TFT)

which controls the driving of a light-emitting element 1s elec-
trically connected to the light-emitting element, but a struc-
ture may be employed in which a current control TFT 1s
connected between the driving TFT and the light-emitting
clement.

Note that the light-emitting device described in this
embodiment mode 1s not limited to the structures shown 1n
FIGS. 16 A to 16C and can be modified 1n various ways based
on the technical 1dea of the present invention.

Through the above-described process, a light-emitting
device can be manufactured. Since a thin film transistor with
small off current and highly-reliable electric properties 1s
used 1n the light-emitting device of this embodiment mode,
the light-emitting device has high contrast and high visibility.
Further, since a thin {ilm transistor including a microcrystal-
line silicon film which 1s formed without any laser crystalli-
zation step 1s used, a light-emitting device with high visibility
can be formed with high mass productivity.

Embodiment Mode 3

Next, a structure of a display panel, which 1s one mode of
a light-emitting device of the present invention, 1s described
below.

FIG. 12A shows a mode of a light-emitting panel 1n which
a signal line driver circuit 6013 which 1s separately formed 1s
connected to a pixel portion 6012 formed over a substrate
6011. The pixel portion 6012 and a scan line driver circuit
6014 are cach formed using a thin film transistor 1n which a
microcrystalline semiconductor film 1s used for a channel
formation region. When the signal line driver circuit is
formed using a transistor which has higher field-effect mobil-
ity compared with the thin film transistor in which the micro-
crystalline semiconductor film 1s used for the channel forma-
tionregion, an operation of the signal line driver circuit which
demands higher driving frequency than that of the scan line
driver circuit can be stabilized. Note that the signal line driver
circuit 6013 may be formed using a transistor in which a
single crystalline semiconductor 1s used for a channel forma-
tion region, a thin film transistor 1n which a polycrystalline
semiconductor 1s used for a channel formation region, or a
transistor using SOI. The pixel portion 6012, the signal line
driver circuit 6013, and the scan line driver circuit 6014 are
cach supplied with a potential of a power supply, a variety of
signals, and the like via an FPC 6015.

Note that both the signal line driver circuit and the scan line
driver circuit may be formed over the same substrate as the
pixel portion.

When a driver circuit 1s separately formed, a substrate over
which the driver circuit 1s formed 1s not necessarily attached
to a substrate over which a pixel portion 1s formed, and may
be attached over an FPC, for example. FIG. 12B shows a
mode of a display panel 1n which a signal line driver circuit
6023 1s separately formed and 1s connected to a pixel portion
6022 formed over a substrate 6021. The pixel portion 6022
and the scan line driver circuit 6024 are each formed using a
thin film transistor in which a microcrystalline semiconductor
film 1s used for a channel formation region. The signal line
driver circuit 6023 1s connected to the pixel portion 6022 via
an FPC 6025. The pixel portion 6022, the signal line driver
circuit 6023, and the scan line driver circuit 6024 are each
supplied with a potential of a power supply, a variety of
signals, and the like via the FPC 6025.

Alternatively, only part of a signal line driver circuit or part
of a scan line driver circuit may be formed over the same

10

15

20

25

30

35

40

45

50

55

60

65

26

substrate as a pixel portion by using a thin film transistor in
which a microcrystalline semiconductor film 1s used for a
channel formation region, and the other part of the driver
circuit may be separately formed and electrically connected
to the pixel portion. FIG. 12C shows a mode of a panel of a
light-emitting device in which an analog switch 6033a
included 1n a signal line driver circuit 1s formed over a sub-
strate 6031, which 1s the same substrate as a pixel portion
6032 and a scan line driver circuit 6034, and a shiit register
60335 included in the signal line driver circuit 1s separately
formed over a different substrate and attached to the substrate
6031. The pixel portion 6032 and the scan line driver circuit
6034 arc cach formed using a thin film transistor 1n which a
microcrystalline semiconductor film 1s used for a channel
formation region. The shiit register 60335 included 1n the
signal line driver circuit 1s connected to the pixel portion 6032
viaan FPC 6035. The pixel portion 6032, the signal line driver
circuit, and the scan line driver circuit 6034 are each supplied
with a potential of apower supply, a variety of signals, and the
like via the FPC 6035.

As shown in FIGS. 12A to 12C, 1n light-emitting devices of
the present invention, all or a part of the driver circuit can be
tormed over the same substrate as the pixel portion, using the
thin film transistor in which the microcrystalline semiconduc-
tor film 1s used for the channel formation region.

Note that a connection method of a substrate which 1s
separately formed 1s not particularly limited, and a known
COG method, wire bonding method, TAB method, or the like
can be used. Further, a connection position 1s not limited to
the positions shown 1n FIGS. 12A to 12C as long as electrical
connection 1s possible. Moreover, a controller, a CPU, a
memory, or the like may be formed separately and connected.

Note that a signal line driver circuit used 1n the present
invention 1s not limited to a mode including only a shait
register and an analog switch. In addition to the shift register
and the analog switch, another circuit such as a butfer, a level
shifter, or a source follower may be included. Moreover, the
shift register and the analog switch are not necessarily pro-
vided. For example, a different circuit such as a decoder
circuit by which a signal line can be selected may be used
instead of the shift register, or a latch or the like may be used
instead of the analog switch.

FIG. 18 1s a block diagram of a light-emitting device of the
present invention. The light-emitting device shown in FIG. 18
includes a pixel portion 700 including a plurality of pixels
cach provided with a light-emitting element, a scan line driver
circuit 702 which selects each pixel, and a signal line driver
circuit 703 which controls input of a video signal to a selected
pixel.

In FI1G. 18, the signal line driver circuit 703 includes a shiift
register 704 and an analog switch 705. A clock signal (CLK)
and a start pulse signal (SP) are input to the shift register 704.
When the clock signal (CLK) and the start pulse signal (SP)
are iput, a timing signal 1s generated 1n the shift register 704
and input to the analog switch 705.

A video signal 1s supplied to the analog switch 705. The
analog switch 705 samples the video signal 1n accordance
with the timing signal and supplies the resulting signal to a
signal line of the next stage.

Next, a structure of the scan line driver circuit 702 1s
described. The scan line driver circuit 702 includes a shaft
register 706 and a buffer 707. The scan line driver circuit 702
may also include a level shifter in some cases. In the scan line
driver circuit 702, when the clock signal (CLK) and the start
pulse signal (SP) are input to the shift register 706, a selection
signal 1s generated. The generated selection signal 1s butfered
and amplified by the butier 707, and the resulting signal 1s
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supplied to a corresponding scan line. Gates of transistors 1n
pixels of one line are connected to the scan line. Further, since
the transistors in the pixels of one line should be turned on at
the same time, a buifer through which large current can flow
1s used as the butler 707.

In a full color light-emitting device, when video signals
corresponding to R (red), G (green), or B (blue) are sequen-
tially sampled and supplied to a corresponding signal line, the
number of terminals for connecting the shift register 704 and
the analog switch 705 corresponds to approximately 15 of the
number of terminals for connecting the analog switch 705 and
the signal line 1n the pixel portion 700. Accordingly, when the
analog switch 705 and the pixel portion 700 are formed over
the same substrate, the number of terminals used for connect-
ing substrates which are separately formed can be suppressed
compared with the case where the analog switch 705 and the
pixel portion 700 are formed over different substrates; thus,
occurrence probability of defective connection can be sup-
pressed, and yield can be increased.

Note that although the scan line driver circuit 702 shown 1in
FIG. 18 includes the shift register 706 and the buffer 707, the
scan line driver circuit 702 may include the shiit register 706.

Note that structures of the signal line driver circuit and the
scan line driver circuit are not limited to the structures shown
in FIG. 18, which are merely one mode of the light-emitting
device of the present invention.

Next, one mode of a shift register including thin film tran-
sistors 1n which microcrystalline semiconductor films with
the same polanty are used for channel formation regions 1s
described with reference to FIGS. 31 and 32. FIG. 19 1llus-
trates a structure of a shift register 1n this embodiment mode.
The shift register shown 1 FIG. 19 includes a plurality of
tlip-flops (tlip-tlops 701-1 to 701-r). The shift register 1s
operated by input of a first clock signal, a second clock signal,
a start pulse signal, and a reset signal.

Connection relations of the shift register in FIG. 19 are
described. In the 1-th stage flip-flop 701-i (one of the tlip-tlops
701-1 to 701-») in the shaft register of FIG. 19, a first wiring
501 shown 1n FIG. 20 1s connected to a seventh wiring 717-
(i-1); a second wiring 502 shown m FIG. 20 1s connected to
a seventh wiring 717-(i+1); a third wiring 503 shown 1n FIG.
20 1s connected to a seventh wiring 717-i; and a sixth wiring
506 shown 1n FIG. 20 1s connected to a fitth wiring 7185.

Further, a fourth wiring 504 shown in FIG. 20 1s connected
to a second wiring 712 1n flip-flops of odd-numbered stages,
and 1s connected to a third wiring 713 in tlip-tlops of even-
numbered stages. A {ifth wiring 505 shown 1 FIG. 20 1s
connected to a fourth wiring 714.

Note that the first wiring 501 of the first stage thp-flop
701-1 shown 1n FIG. 20 1s connected to a first wiring 711.
Moreover, the second wiring 502 of the n-th stage tlip-tlop
701-n shown 1n FI1G. 20 1s connected to a sixth wiring 716.

Note that the first wiring 711, the second wiring 712, the
third wiring 713, and the sixth wiring 716 may be referred to
as a first signal line, a second signal line, a third signal line,
and a fourth signal line, respectively. The fourth wiring 714
and the fifth wiring 715 may be referred to as a first power

supply line and a second power supply line, respectively.
Next, FIG. 20 shows details of the flip-flop shown 1n FIG.

19. A flip-flop shown 1n FIG. 20 includes a first thin film
transistor 171, a second thin film transistor 172, a third thin

film transistor 173 a fourth thin film transistor 174, a fitth thin
film transistor 175 a sixth thin film transistor 176 a seventh

thin film transistor 177, and an eighth thin film transistor 178.

In this embodiment mode, each of the first thin film transistor
171, the second thin film transistor 172, the third thin film

transistor 173, the fourth thin film transistor 174, the fifth thin
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film transistor 175, the sixth thin film transistor 176, the
seventh thin film transistor 177, and the eighth thin film
transistor 178 1s an n-channel transistor and 1s turned on when
the gate-source voltage (V) exceeds the threshold voltage

(Van)-

Next, connection structures of the tlip-tlop shown 1n FIG.
20 are described below.

A first electrode (one of a source electrode and a drain
clectrode) of the first thin film transistor 171 1s connected to
the fourth wiring 504. A second electrode (the other of the
source electrode and the drain electrode) of the first thin {ilm
transistor 171 1s connected to the third wiring 503.

A first electrode of the second thin film transistor 172 1s
connected to the sixth wiring 506. A second electrode of the

second thin film transistor 172 1s connected to the third wiring

503.

A first electrode of the third thin film transistor 173 1s
connected to the fifth wiring 505. A second electrode of the
third thin film transistor 173 1s connected to a gate electrode
of the second thin film transistor 172. A gate electrode of the
third thin film transistor 173 1s connected to the fifth wiring
505.

A first electrode of the fourth thin film transistor 174 1is
connected to the sixth wiring 506. A second electrode of the
fourth thin film transistor 174 i1s connected to the gate elec-
trode of the second thin film transistor 172. A gate electrode
of the fourth thin film transistor 174 1s connected to a gate
clectrode of the first thin film transistor 171.

A first electrode of the fifth thin film transistor 175 1s
connected to the fifth wiring 505. A second electrode of the
fifth thin film transistor 175 1s connected to the gate electrode
of the first thin film transistor 171. A gate electrode of the fifth
thin {ilm transistor 175 1s connected to the first wiring 501.

A first electrode of the sixth thin film transistor 176 is
connected to the sixth wiring 506. A second electrode of the
s1xth thin film transistor 176 1s connected to the gate electrode
of the first thin film transistor 171. A gate electrode of the
s1xth thin film transistor 176 1s connected to the gate electrode
of the second thin film transistor 172.

A first electrode of the seventh thin film transistor 177 1s
connected to the sixth wiring 506. A second electrode of the
seventh thin film transistor 177 1s connected to the gate elec-
trode of the first thin film transistor 171. A gate electrode of
the seventh thin film transistor 177 1s connected to the second
wiring 502. A first electrode of the eighth thin film transistor
178 1s connected to the sixth wiring 506. A second electrode
of the eighth thin film transistor 178 1s connected to the gate
clectrode of the second thin film transistor 172. A gate elec-
trode of the eighth thin film transistor 178 1s connected to the
first wiring 3501.

Note that the point at which the gate electrode of the first
thin film transistor 171, the gate electrode of the fourth thin
film transistor 174, the second electrode of the fifth thin film
transistor 175, the second electrode of the sixth thin film
transistor 176, and the second electrode of the seventh thin
f1lm transistor 177 are connected 1s referred to as a node 143.
The point at which the gate electrode of the second thin film
transistor 172, the second electrode of the third thin film
transistor 173, the second electrode of the fourth thin film
transistor 174, the gate electrode of the sixth thin film tran-
sistor 176, and the second electrode of the eighth thin film
transistor 178 are connected 1s referred to as a node 144.

Note that the first wiring 501, the second wiring 502, the
third wiring 503, and the fourth wiring 504 may be referred to
as a first signal line, a second signal line, a third signal line,
and a fourth signal line, respectively. The fifth wiring 505 and
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the sixth wiring 506 may be referred to as a first power supply
line and a second power supply line, respectively.

FI1G. 21 shows an example of a top plan view of the flip-tlop
shown 1n FIG. 20.

A conductive film 901 includes a portion functioning as the
first electrode of the first thin film transistor 171, and i1s
connected to the fourth wiring 504 through a wiring 951
which 1s formed at the same time as a pixel electrode.

A conductive film 902 includes a portion functioning as the
second electrode of the first thin film transistor 171, and 1s
connected to the third wiring 503 through a wiring 952 which
1s formed at the same time as the pixel electrode.

A conductive film 903 includes portions functioning as the
gate electrode of the first thin film transistor 171 and the gate
clectrode of the fourth thin film transistor 174.

A conductive film 904 includes portions functioning as the
first electrode of the second thin film transistor 172, the first
electrode of the sixth thin film transistor 176, the first elec-
trode of the fourth thin film transistor 174, and the first elec-
trode of the eighth thin film transistor 178, and the conductive
{1lm 904 1s connected to the sixth wiring 506.

A conductive film 903 includes a portion functioning as the
second electrode of the second thin film transistor 172, and 1s
connected to the third wiring 503 through a wiring 954 which
1s formed at the same time as the pixel electrode.

A conductive film 906 includes portions functioning as the
gate electrode of the second thin film transistor 172 and the
gate electrode of the sixth thin film transistor 176.

A conductive film 907 includes a portion functioning as the
first electrode of the third thin film transistor 173, and 1s
connected to the fifth wiring 505 through a wiring 955.

A conductive film 908 includes portions functioning as the
second electrode of the third thin film transistor 173 and the
second electrode of the fourth thin film transistor 174, and 1s
connected to the conductive film 906 through a wiring 956
which 1s formed at the same time as the pixel electrode.

A conductive film 909 includes a portion functioning as the
gate electrode of the third thin film transistor 173, and 1is
connected to the fifth wiring 505 through the wiring 955.

A conductive film 910 includes a portion functioning as the
first electrode of the fifth thin film transistor 175, and 1s
connected to the fifth wiring 5035 through a wiring 959 which
1s formed at the same time as the pixel electrode.

A conductive film 911 includes portions functioning as the
second electrode of the fifth thin film transistor 175 and the
second electrode of the seventh thin film transistor 177, and 1s
connected to the conductive film 903 through a wiring 958
which 1s formed at the same time as the pixel electrode.

A conductive film 912 includes a portion functioning as the
gate electrode of the fifth thin film transistor 175, and 1is
connected to the first wiring 501 through a wiring 960 which
1s formed at the same time as the pixel electrode.

A conductive film 913 includes a portion functioning as the
second electrode of the sixth thin film transistor 176, and 1s
connected to the conductive film 903 through a wiring 957
which 1s formed at the same time as the pixel electrode.

A conductive film 914 includes a portion functioning as the
gate electrode of the seventh thin film transistor 177, and 1s
connected to the second wiring 502 through a wiring 962
which 1s formed at the same time as the pixel electrode.

A conductive film 9135 includes a portion functioning as the
gate electrode of the eighth thin film transistor 178, and is
connected to the conductive film 912 through a wiring 961
which 1s formed at the same time as the pixel electrode.

A conductive film 916 includes a portion functioning as the
second electrode of the eighth thin film transistor 178, and 1s
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connected to the conductive film 906 through a wiring 953
which 1s formed at the same time as the pixel electrode.

Note that parts of microcrystalline semiconductor films
981 to 988 function as channel formation regions of the first
to eighth thin film transistors, respectively.

When the circuits as shown 1n FIGS. 19 and 20 include a
transistor 1n which a microcrystalline semiconductor 1s used
for a channel formation region, the layout area can be
reduced. Accordingly, a frame of the light-emitting device
can be reduced. For example, 1n comparison of a transistor in
which a microcrystalline semiconductor film 1s used for a
channel formation region with a transistor in which an amor-
phous semiconductor film 1s used for a channel formation
region, the field-effect mobility of the transistor in which a
microcrystalline semiconductor film 1s used for a channel
formation region 1s higher; thus, the channel width of the
transistor can be reduced. As a result, a frame of the light-
emitting device can be narrowed. As an example, the channel
width of the second thin film transistor 172 1s preferably 3000
um or less, and more preferably 2000 um or less.

Note that in the second thin film transistor 172 of FIG. 20,
a period during which a low-level signal 1s output to the third
wiring 303 1s long. In this period, the second thin film tran-
sistor 172 1s kept on. Therefore, extreme stress 1s applied to
the second thin film transistor 172, and characteristics of the
transistor are likely to deteriorate. When the characteristics of
the transistor deteriorate, the threshold voltage 1s gradually
increased. Thus, a current value 1s decreased. In order to
supply enough current even when the transistor deteriorates,
the channel width of the second thin film transistor 172 1s
preferably large. Alternatively, compensation 1s preferably
done so that a circuit operation 1s not affected even when the
transistor deteriorates. For example, it 1s preferable that a
transistor be provided 1n parallel with the second thin film
transistor 172, and the transistor and the second thin film
transistor 172 be made to be alternately turned on, so that
influence by deterioration 1s small.

In comparison of a transistor in which a microcrystalline
semiconductor film 1s used for a channel formation region
with a transistor in which an amorphous semiconductor film
1s used for a channel formation region, the transistor in which
a microcrystalline semiconductor film 1s used for a channel
formation region 1s harder to deteriorate. Accordingly, when
the microcrystalline semiconductor film 1s used for the chan-
nel formation region, the channel width of the transistor can
bereduced. Alternatively, the transistor can be normally oper-
ated without any circuit for compensation for deterioration.
Accordingly, the layout area can be reduced.

Next, the appearance and a cross section of a light-emitting
display panel which 1s one mode of the light-emitting device
ol the present invention are described with reference to FIGS.
17A and 17B. FIG. 17A 1s a top plan view of a panel. In the
panel, a thin film transistor using a microcrystalline semicon-
ductor film for its channel formation region and a light-emiat-
ting element which are formed over a first substrate 4001 are
sealed between the first substrate 4001 and a second substrate
4006 by a sealing material 4005. F1IG. 17B 1s a cross-sectional
view along a line A-A' 1in FIG. 17A.

The sealing material 40035 1s provided so as to surround a
pixel portion 4002 and a scan line driver circuit 4004 which
are provided over the first substrate 4001. The second sub-
strate 4006 1s provided over the pixel portion 4002 and the
scan line driver circuit 4004. Accordingly, the pixel portion
4002 and the scan line driver circuit 4004 are sealed together
with a filler 4007 by the first substrate 4001, the sealing
material 4005, and the second substrate 4006. Further, a sig-
nal line driver circuit 4003 formed using a polycrystalline
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semiconductor film over a different substrate 1s mounted on a
region over the first substrate 4001, which 1s different from
the region surrounded by the sealing material 4005. Note that
in this embodiment mode, an example 1s described 1n which
the signal line driver circuit including a thin film transistor in
which a polycrystalline semiconductor film 1s used for a
channel formation region 1s attached to the first substrate
4001; however, a signal line driver circuit may be formed
using a transistor 1n which a single crystalline semiconductor

1s used for a channel formation region and attached to a
substrate. FIGS. 17A and 17B illustrate a thin film transistor
4009 formed using a polycrystalline semiconductor film,
which 1s included 1n the signal line driver circuit 4003.

Each of the pixel portion 4002 and the scan line driver
circuit 4004 which are provided over the first substrate 4001
includes a plurality of thin film transistors. FIG. 17B 1llus-
trates the thin film transistor 4010 included 1n the pixel por-
tion 4002. In this embodiment mode, the thin film transistor
4010 1s regarded as a driving TFT, but the thin film transistor
4010 may be a current control TFT or an erase TF'T. The thin
film transistor 4010 corresponds to a thin {ilm transistor 1n
which a microcrystalline semiconductor film 1s used for a
channel formation region.

Reference numeral 4011 denotes a light-emitting element.
A pixel electrode 4030 included 1n the light-emitting element
4011 1s electrically connected to a source or drain electrode
4017 of the thin film transistor 4010. Moreover, 1n this
embodiment mode, a light-transmitting conductive material
4012 of the light-emitting element 4011 1s electrically con-
nected. Note that a structure of the light-emitting element
4011 1s not limited to that described in this embodiment
mode. The structure of the light-emitting element 4011 can be
changed depending on an extraction direction of light from
the light-emitting element 4011 or a polarity of the thin film
transistor 4010 as appropriate.

A variety of signals and a potential supplied to the sepa-
rately formed signal line driver circuit 4003, and the pixel
portion 4002 or the scan line driver circuit 4004 are supplied
from an FPC 4018 through lead wirings 4014 and 4015, not
shown 1n the cross-sectional view of FIG. 17B.

In this embodiment mode, a connection terminal 4016 1s
formed using the same conductive film as the pixel electrode
4030 included 1n the light-emitting element 4011. Further, the
lead wirings 4014 and 4015 are formed using the same con-
ductive film as the wiring 4017.

The connection terminal 4016 1s electrically connected to a
terminal included in the FPC 4018 through an anisotropic
conductive film 4019.

The substrate located in the direction in which light 1s
extracted from the light-emitting element 4011 should be
transparent. In this case, a light-transmitting material such as
a glass plate, a plastic plate, a polyester film, or an acrylic film
1s used.

As the filler 4007, an ultraviolet curable resin or a thermo-
setting resin as well as 1nert gas such as nitrogen or argon can
be used. For example, polyvinyl chloride (PVC), acrvlic,
polyimide, an epoxy resin, a silicone resin, polyvinyl butyral
(PVB), or ethylene vinyl acetate (EVA) can be used. In this
embodiment mode, nitrogen 1s used for the filler.

If needed, an optical film such as a polarizing plate, a
circular polarizing plate (including an elliptical polarizing
plate), a retardation plate (a quarter-wave plate or a half-wave
plate), or a color filter may be provided on an emission surface
of the light-emitting element as appropriate. Further, the
polarizing plate or the circular polarizing plate may be pro-
vided with an antireflection film. For example, anti-glare
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treatment for diffusing retlected light by unevenness of the
surface and reducing retlection can be performed.

FIGS. 17A and 17B illustrate an example in which the
signal line driver circuit 4003 1s separately formed and
attached to the first substrate 4001 ; however, this embodiment
mode 1s not limited to this structure. A scan line driver circuit
may be separately formed and attached to a substrate, or only
part of a signal line driver circuit or part of a scan line driver
circuit may be separately formed and attached to a substrate.

This embodiment mode can be implemented 1n combina-
tion with any of the structures described in the other embodi-
ment modes.

Embodiment Mode 4

The light-emitting device obtained according to the present
invention can be used for an active matrix ELL. module. That 1s,
the present invention can be implemented 1n any of electronic
devices having a display portion 1in which such an active
matrix EL. module 1s incorporated.

Examples of such electronic devices include cameras such
as a video camera and a digital camera, a head-mounted
display (a goggle-type display), a car navigation system, a
projector, a car stereo, a personal computer, and a portable
information terminal (e.g., a mobile computer, a cellular
phone, and an e-book reader). FIGS. 13A to 13C show
examples of such electronic devices.

FIG. 13 A shows a television device. The television device
can be completed by incorporating a display module into a
housing as shown 1n FIG. 13A. A display panel with an FPC
attached 1s also referred to as a display module. A main screen
2003 1s formed using the display module, and other accesso-
ries such as a speaker portion 2009 and an operation switch
are provided. Thus, the television device can be completed.

As shown in FI1G. 13 A, a display panel 2002 using a light-
emitting element 1s incorporated into a housing 2001. The
television device can recerve general TV broadcast by a
recerver 2005, and can be connected to a wired or wireless
communication network via a modem 2004 so that one-way
(from a sender to a receiver) or two-way (between a sender
and a receiver or between receivers) mformation communi-
cation can be performed. The television device can be oper-
ated by a switch incorporated 1nto the housing or a separate
remote control unmit 2006. The remote control unit may
include a display portion 2007 for displaying information to
be output.

Further, the television device may include a sub screen
2008 formed using a second display panel for displaying
channels, sound volume, and the like, 1n addition to the main
screen 2003. In this structure, the main screen 2003 may be
formed using a light-emitting display panel with an excellent
viewing angle, and the sub screen may be formed using a
light-emitting display panel in which display 1s performed
with low power consumption. Alternatively, when reduction
in power consumption i1s prioritized, a structure may be
employed in which the main screen 2003 1s formed using a
light-emitting display panel, the sub screen 1s formed using a
light-emitting display panel, and the sub screen can be turned
on and ofif.

FIG. 14 1s a block diagram of a main structure of a televi-
sion device. A display panel 900 1s provided with a pixel
portion 921. A signal line driver circuit 922 and a scan line
driver circuit 923 may be mounted on the display panel 900 by
a COG method.

As for other external circuits, the television device includes
a video signal amplifier circuit 925 which amplifies a video
signal among signals received by a tuner 924; a video signal




US 8,334,537 B2

33

processing circuit 926 which converts a signal output from
the video signal amplifier circuit 925 1nto a color signal cor-

responding to each color of red, green, and blue; a control
circuit 927 which converts the video signal into an nput
specification of a driver IC; and the like. The control circuit
927 outputs signals to each of the scan line side and the signal
line side. When digital driving 1s performed, a structure may
be employed in which a signal dividing circuit 928 1s provided
on the signal line side and an mput digital signal 1s divided
into m signals to be supplied.

Among the signals recerved by the tuner 924, an audio
signal 1s transmitted to an audio signal amplifier circuit 929,
and an output thereot 1s supplied to a speaker 933 through an
audio signal processing circuit 930. A control circuit 931
receives control information on recerving station (recerving,
frequency) and volume from an 1nput portion 932 and trans-
mits a signal to the tuner 924 and the audio signal processing,
circuit 930.

It 1s needless to say that the present invention 1s not limited
to a television device and can be applied to a variety of uses,
such as a momtor of a personal computer, a large display
medium such as an information display board at the train
station, the airport, or the like, or an advertisement display
board on the street.

FIG. 13B shows an example of a cellular phone 2201. The
cellular phone 2201 includes a display portion 2202, an
operation portion 2203, and the like. When the light-emitting
device described 1n the above-described embodiment mode 1s
used for the display portion 2202, mass productivity can be
increased.

A portable computer shown 1n FIG. 13C includes a main
body 2401, a display portion 2402, and the like. When the
light-emitting device described in the above-described
embodiment mode 1s used for the display portion 2402, mass
productivity can be increased.

FIG. 13D shows a desk lamp including a lighting portion
2501, a shade 2502, an adjustable arm 2503, a support 2504,
a base 2505, and a power supply switch 2506. The desk lamp
1s formed using the light-emitting device, which 1s formed
according to the present ivention, for the lighting portion
2501. Note that a lamp 1ncludes a ceiling light, a wall light,
and the like 1n 1ts category. According to the present mven-
tion, manufacturing cost can be significantly reduced, and an
iexpensive desk lamp can be provided.

Embodiment 1

A microcrystalline silicon film was formed, and results of
measuring the crystallinity of the film by Raman spectros-
copy are shown in FIGS. 22A and 22B.

The microcrystalline silicon film was formed under condi-
tions where the RF power frequency was 13.56 MHz, the film
formation temperature was 280° C., the flow rate ratio of
hydrogen to a silane gas was 100:1, and the pressure was 280
Pa. FIG. 22A shows Raman scattering spectra and shows a
comparison of measurement results of a microcrystalline sili-
con f1llm that was formed with the amount of power of an RF
power source being 100 W and a microcrystalline silicon film
with 300 W.

Note that the crystalline peak position of single crystalline
silicon is at 521 cm™". Note that, needless to say, the crystal-
line peak of amorphous silicon cannot be observed, and only
a broad peak is measured at 480 cm™' as illustrated in FIG.
22B. The microcrystalline silicon film of this specification
refers to one whose crystalline peak position can be observed
at greater than or equal to 481 cm™" and less than 520 cm™
when measured with a Raman spectrometer.
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The crystalline peak position of the microcrystalline sili-
con film which was formed with the amount of power of an
RF power source being 100 W is at 518.6 cm™"; the full width
at half maximum (FWHM) is 11.9 cm™"; and the crystalline/
amorphous peak intensity ratio (I /I ) 1s 4.1.

The crystalline peak position of the microcrystalline sili-
con film that was formed with the amount of power of an RF
power source being 300 W is at 514.8 cm™'; the full width at
half maximum (FWHM) is 18.7 cm™"; and the crystalline/
amorphous peak intensity ratio (I /1)) 1s 4.4.

As 1llustrated 1n FIG. 22A, there 1s a crystal peak shift and
a large difference 1n full width at half maximum depending on
RF power. It can be considered that this 1s because the grain
s1ze 1s likely to be small, because 1on bombardment becomes
significant at high power and the growth of grains 1s inhibited.
In addition, because the power frequency of a CVD appara-
tus, with which the microcrystalline silicon film used for
measurement of FIG. 22A was formed, 1s 13.56 MHz, the
crystalline/amorphous peak intensity ratio (1 /I )1s4.1 or4.4.
However, it 1s also confirmed that the crystalline/amorphous
peak mtensity ratio (I /I ) can be 6 11 the RF power frequency
1s 27 MHz. Accordingly, the crystalline/amorphous peak
intensity ratio (I /I ) can be turther increased when the RF

power frequency 1s higher than 27 MHz, for example, when
the RF power frequency 1s 2.45 GHz.

Embodiment 2

In this embodiment, results of device simulation of tran-
sistor characteristics and electron density distribution of the
thin film transistor of the present invention are described. For
device simulation, the device simulator “ATLAS” made by
Silvaco 1s used.

FIG. 23 shows a device structure. An insulating substrate
2301 1s assumed to be a glass substrate (with a thickness 01 0.5
wm) which contains silicon oxide (with a dielectric constant
of 4.1) as 1ts main component. Note that, although the thick-
ness of the msulating substrate 2301 1s often 0.5 mm, 0.7 mm,
or the like 1n a practical manufacturing process, the thickness
1s defined to such a sufficient thickness that an electric field at
the lower surface of the msulating substrate 2301 does not
affect thin film transistor characteristics.

Over the 1nsulating substrate 2301, a gate electrode 2303
formed of molybdenum (with a thickness of 150 nm) 1s
stacked. The work function of molybdenum 1s 4.6 eV.

Over the gate electrode 2303, a gate insulating film 2305
having a stacked structure of a silicon mtride film (with a
dielectric constant of 7.0 and a thickness of 110 nm) and a
s1licon oxynitride film (with a dielectric constant of 4.1 and a
thickness of 110 nm) 1s stacked.

Over the gate insulating film 2305, a uc-S11ilm 2307 and an
a-S111lm 2309 are stacked. Here, conditions are separately set
for a stacked layer of the uc-S1 film 2307 with a thickness of
0 nm and the a-S1 film 2309 with a thickness of 100 nm, a
stacked layer of the uc-Si1 film 2307 with a thickness of 10 nm
and the a-S1 film 2309 with a thickness of 90 nm, a stacked
layer of the puc-S1 film 2307 with a thickness of 50 nm and the
a-S111lm 2309 with a thickness of 50 nm, a stacked layer of the
uc-S1 film 2307 with a thickness of 90 nm and the a-S1 film
2309 with a thickness of 10 nm, and a stacked layer of the
uc-S1 film 2307 with a thickness of 100 nm and the a-Si1 film
2309 with a thickness of 0 nm.

In addition, each of regions of the a-S1 film 2309 overlap-
ping with a first a-Si(n+) {ilm 2311 and a second a-Si1(n+) film
2313 has another thickness of 50 nm 1n addition to the above-
described thickness. That 1s, a part of the a-S1 film 2309 1n a
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region where the first a-Si(n+) film 2311 and the second
a-S1(n+) film 2313 are not formed 1s etched by 50 nm and has
a concave portion.

Over the a-S1 film 2309, the first a-Si(n+) film 2311 (with a
thickness of 50 nm) and the second a-Si1(n+) film 2313 (with
a thickness of 50 nm) are stacked. In the thin film transistor
shown 1n FI1G. 23, the distance between the first a-Si1(n+) {ilm
2311 and the second a-Si(n+) film 2313 corresponds to a
channel length L. Here, the channel length L 1s 6 um. The
channel width W 1s 15 um.

Over the first a-S1(n+) film 2311 and the second a-Si(n+)
film 2313, a source electrode 2315 and a drain electrode 2317,
cach of which 1s formed of molybdenum (Mo) (with a thick-
ness of 300 nm), are formed, respectively. A contact between
the source electrode 2313 and the first a-Si(n+) film 2311 and
that between the drain electrode 2317 and the second a-Si(n+)
f1lm 2313 are defined as ohmic contacts.

F1G. 24 shows results of DC characteristics (V-1 ; charac-
teristics, V_=14 V) when device simulation of the thin film
transistor shown 1n FI1G. 23 1s performed with the thicknesses
of the uc-S1 film and the a-S1 film being changed variously.
FIGS. 25A and 25B each show electron concentration distri-
bution 1n the thin film transistor when the pc-S1 film 2307 has
a thickness of 10 nm and the a-S1 film has a thickness of 90
nm. FIG. 25A shows results of electron concentration distri-
bution when the thin film transistor 1s in an on state (V_=+10
V.,V =14V), and FIG. 25B shows results of electron concen-
tration distribution when the thin film transistor 1s 1n an off
state (V,==10V, V ~14 V).

It can be seen from FIG. 24 that, as the thickness of the a-S1
film 1s increased, the off current 1s decreased. In addition,
when the thickness of the a-S1 film 1s 50 nm or more, the drain
current when'V is -20'V can be made to be lower than 1x10"-
A.

It can also be seen that, as the thickness of the pc-Si1 film 1s
increased, the on current 1s increased. In addition, when the
thickness of the uc-S1 film 1s set to be 10 nm or more, the drain
current whenV_ 1s 20V can be made to be 1x 107> A or more.

It can be seen from FIG. 25 A that, 1n the on state, the uc-S1
film has a higher electron density than the a-S1 film. That 1s,
the uc-S1 film with high electric conductivity has a high
clectron density; thus, 1t can be seen that, in the on state,
clectrons are easy to flow and the drain current 1s 1increased.

It can be seen from FIG. 25B that, 1n the off state, the a-S1
{1lm has a higher electron density than the pc-Si ﬁlm That 1s,
the a-S1 film with low electric conductlwty has a high electron
density; thus, 1t can be seen that, 1n the off state, electrons are
difficult to flow and the drain current 1s equivalent to that of a
thin film transistor 1n which an a-S1 film 1s used as a channel
formation region.

It can be seen from the above description that a thin film
transistor as illustrated in FIG. 23, 1n which a uc-S1 film 1s
tormed over a gate insulating film, an a-S1 film 1s formed over
the pc-S1 film, and source and drain regions are formed over
the a-S1 film, can be made to have a lower off current and a
higher on current.

This application 1s based on Japanese Patent Applications
serial nos. 2007-179091 filed with Japan Patent Office on Jul.
6, 2007/, the entire contents of which are hereby incorporated
by reference.

What 1s claimed 1s:

1. A display device comprising:

a gate electrode;

a gate msulating film formed over the gate electrode;

a microcrystalline semiconductor film formed over the
gate msulating film;
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a bufler layer which 1s formed over the microcrystalline
semiconductor film and has a concave portion;

source and drain regions formed over the buifer layer;

a source, electrode over the source region; and

a drain electrode over the drain region,

wherein:

the butifer layer 1s formed of an amorphous semiconductor
film;

a part of the source region 1s in contact with the source
clectrode and the other part of the source region 1s not 1n
contact with the source electrode:

a part of the drain region 1s 1n contact with the drain elec-
trode and the other part of the drain region 1s not in
contact with the drain electrode;

the buffer layer extends beyond an outer side edge of the
source region and an outer side edge of the drain region;
and

an end portion of the source region and an end portion of
the drain region which are overlapped with the gate
clectrode are aligned with side faces of the concave
portion of the builfer layer.

2. The display device according to claim 1, wherein the
butifer layer 1s formed of an amorphous semiconductor film
containing nitrogen.

3. The display device according to claim 1, wherein the
butiler layer 1s formed of an amorphous semiconductor film
containing hydrogen.

4. The display device according to claim 1, wherein the
butiler layer 1s formed of an amorphous semiconductor film
containing fluorine, chlorine, bromine, or 10dine.

5. The display device according to claim 1, wherein the
display device 1s a light emitting device.

6. A display device comprising:

a gate electrode;

a gate msulating film formed over the gate electrode;

a microcrystalline semiconductor film formed over the

gate msulating {ilm;

a bufler layer which 1s formed over the microcrystalline
semiconductor {ilm and has a concave portion;

source and drain regions formed over the butler layer;

a source, electrode over the source region; and

a drain electrode over the drain region,

wherein:

the butter layer 1s formed of an amorphous semiconductor
film;

a part of the source region 1s exposed outside the source
electrode;

a part of the drain region i1s exposed outside the drain
electrode:

the bullfer layer extends beyond an outer side edge of the
source region and an outer side edge of the drain region;
and

an end portion of the source region and an end portion of
the drain region which are overlapped with the gate
clectrode are aligned with side faces of the concave
portion of the builer layer.

7. The display device according to claim 6, wherein the
butiler layer 1s formed of an amorphous semiconductor film
containing nitrogen.

8. The display device according to claim 6, wherein the
builer layer 1s formed of an amorphous semiconductor film
containing hydrogen.

9. The display device according to claim 6, wherein the
builer layer 1s formed of an amorphous semiconductor film
containing fluorine, chlorine, bromine, or 10dine.

10. The display device according to claim 6, wherein the
display device 1s a light emitting device.
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11. A display device comprising;:

a gate electrode;

a gate msulating film formed over the gate electrode;

a microcrystalline semiconductor film formed over the
gate msulating film;

a bulfer layer which 1s formed over the microcrystalline
semiconductor film and has a concave portion;

source and drain regions formed over the butfer layer;

a source, electrode over the source region;

a drain electrode over the drain region,

an 1nsulating film 1n contact with the source and drain
clectrodes, a part of the source and drain regions, and a
part of the buflfer layer; and

a pixel electrode formed over the insulating film and con-
nected to one of the source and drain electrodes through
a contact hole formed 1n the insulating film,

wherein:

the buffer layer 1s formed of an amorphous semiconductor
film;

a part of the source region 1s 1n contact with the source
clectrode and the other part of the source region 1s not 1n
contact with the source electrode:

a part of the drain region 1s in contact with the drain elec-
trode and the other part of the drain region i1s not in
contact with the drain electrode:

the bufler layer extends beyond an outer side edge of the
source region and an outer side edge of the drain region;
and

an end portion of the source region and an end portion of
the drain region which are overlapped with the gate
clectrode are aligned with side faces of the concave
portion of the builfer layer.

12. The display device according to claim 11, wherein the
butler layer 1s formed of an amorphous semiconductor film
containing nitrogen.

13. The display device according to claim 11, wherein the
butler layer 1s formed of an amorphous semiconductor film
containing hydrogen.

14. The display device according to claim 11, wherein the
butfer layer 1s formed of an amorphous semiconductor film
containing fluorine, chlorine, bromine, or 10dine.

15. The display device according to claim 11, wherein the
display device 1s a light emitting device.

16. A display device comprising;:

a gate electrode;

a gate msulating film formed over the gate electrode;

a microcrystalline semiconductor film formed over the

gate msulating film;

a bulfer layer which 1s formed over the microcrystalline
semiconductor film and has a concave portion;

source and drain regions formed over the butfer layer;

a source, electrode over the source region;

a drain electrode over the drain region;

an nsulating film in contact with the source and drain
clectrodes, a part of the source and drain regions, and a
part of the buflfer layer; and

a pixel electrode formed over the insulating film and con-
nected to one of the source and drain electrodes through
a contact hole formed 1n the mnsulating film,

wherein:

the buffer layer 1s formed of an amorphous semiconductor
film;

a part of the source region 1s exposed outside the source
electrode:

a part of the drain region 1s exposed outside the drain
electrode:
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the buffer layer extends beyond an outer side edge of the
source region and an outer side edge of the drain region;
and

an end portion of the source region and an end portion of

the drain region which are overlapped with the gate
clectrode are aligned with side faces of the concave
portion of the butfer layer.

17. The display device according to claim 16, wherein the
buifer layer 1s formed of an amorphous semiconductor film
containing nitrogen.

18. The display device according to claim 16, wherein the
butifer layer 1s formed of an amorphous semiconductor film
containing hydrogen.

19. The display device according to claim 16, wherein the
butiler layer 1s formed of an amorphous semiconductor film
containing fluorine, chlorine, bromine, or 10dine.

20. The display device according to claim 16, wherein the
display device 1s a light emitting device.

21. A display device comprising:

a gate electrode;

a gate msulating film formed over the gate electrode;

a microcrystalline semiconductor film formed over the

gate msulating film;

a bulfer layer formed over the microcrystalline semicon-

ductor film:

source and drain regions formed over the buffer layer; and

a source electrode formed on the source region; and

a drain electrode formed on the drain region;

wherein:

the butfer layer 1s formed of an amorphous semiconductor

film;

the source region extends beyond an outer side edge of the

source electrode;

the drain region extends beyond an outer side edge of the

drain electrode;

a portion of the buffer layer between the source and drain

regions 1s thinned; and

the buffer layer extends beyond an outer side edge of the

source region and an outer side edge of the drain region.

22. The display device according to claim 21, wherein the
portion of the buffer layer has side edges aligned with inner
side edges of the source and drain regions.

23. The display device according to claim 21, wherein the
butiler layer 1s formed of an amorphous semiconductor film
containing nitrogen.

24. The display device according to claim 21, wherein the
builer layer 1s formed of an amorphous semiconductor film
containing hydrogen.

25. The display device according to claim 21, wherein the
builer layer 1s formed of an amorphous semiconductor film
containing fluorine, chlorine, bromine, or 10dine.

26. The display device according to claim 21, wherein the
display device 1s a light emitting device.

277. The display device according to claim 1, wherein a side
surface of the bufler layer 1s stepwise.

28. The display device according to claim 6, wherein a side
surface of the bufler layer 1s stepwise.

29. The display device according to claim 11, wherein a
side surface of the butler layer 1s stepwise.

30. The display device according to claim 16, wherein a
side surface of the butler layer 1s stepwise.

31. The display device according to claim 21, wherein a
side surface of the butler layer 1s stepwise.
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